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PREFACE  TO  YOL.  II. 


The  few  nionthB  that  have  elapsed  eiDce  tbe  preparation 
and  publication  of  the  1st  volume  of  tbie  edition  of  Manteira 
"  Wonders  of  Greology '*  have  been  aa  productive  of  geolo^- 
eal  facts  and  theoriee  m  any  such  former  period,  if  not  more 
8o.  Most  of  the  new  diaooverieg  in  geology^  and  of  the  de- 
termination or  correction  of  former  hypotheses,  have  been 
described  or  commented  upon  in  various  eommu nidation h 
published  by  the  Geological  Society  of  London ;  and  many 
other  points  of  geological  interest  liave  been  treated  of 
in  papers  read  before  the  Geological  Societies  of  Dublin, 
Paris,  Berlin,  and  Vienna,  or  before  other  Scientific  Socie- 
ties of  Europe  and  America. 

Not  to  dwell  upon  the  much-increaapd  list  of  tho  plane- 
toids (p.  M),  to  the  known  number  of  ^hich  seven  have 
been  already  added, — or  the  additiofral  recorded  instances  of 
aerolitic  phefjonvenaj  but  to  refer  to  ciTcumstarices  more 
cToaely  connected  vpith  phjaicftl  geology,  we  may  draw  atten- 
tion to  Sir  C,  LyelFs  lucid  resume  of  fuctg  relative  to 
the  secular  elevation  of  the  land,— of  an  abstract  of  a  lecture 
on  ttiB  subject  not  long  since  delivered,  by  the  author  of  the 
"  Principles,**  we  have  availed  oursekes  {p.  958).  Jn  another 
direction,  our  study  of  physical  geology  has  of  late  been 
greatly  aided  by  Mr.  H,  C.  Sorby's  remarkable  researches  in 
the  microscopical  stTOctnre  of  rocks,  both  sedimentary  and 
hypogene,  and  of  the  component  crystals  of  the  latter  (see 
p.  948).  Mr.  Prestwich's  hypothetical  extension  of  Upper 
Tertiary  deposits  over  a  great  part  of  the  South -past  of  Eng- 
land demands  careful  attention  i  and,  thongh  not  yet  d^s3:\^ 
ffubstanb's^e^  ^x^d  indeed  still  forming  a  geo\(i^\cA  ^tt^^^ssKv 
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difficult  of  solution,  has  already  been  productive  of  valuable 
results,  in  setting  geologists  at  work  again  over  a  country 
once  thought  to  have  been  nearly  exhausted  of  geological 
novelties. 

But  perhaps  the  discovery  of  a  large  granitic  boulder  in 
the  heart  of  the  Chalk  of  Croydon  (p.  972)  has  been  as 
prolific  a  source  of  geologic  argument  and  romance  as  any 
fact  lately  brought  forward.  The  outlines  of  the  old  creta- 
ceous ocean  and  its  archipelagos, — its  shores  and  sea-deeps, 
its  sea-weeds  and  drifted  shells, — the  jungles  of  its  coasts, — 
and  the  possible  icebergs  of  its  northern  limits, — offer  a  wide 
field  both  for  the  strict  physicist  and  the  imaginative  geolo- 
gist. "With  this  subject  is  closely  connected  the  probable  ex- 
istence in  the  early  part  of  the  Cretaceous  period  of  a  ridge  of 
rocks,  chiefly  belonging  to  the  coal-measures,  ranging  across 
the  South  British  area,  as  explained  and  illustrated  of  late  by 
Mr.  Godwin- Austen  (see  p.  756,  note)»  The  presence  of  this 
old  ridge  in  the  cretaceous  ocean  has  had  two  important 
results.  In  the  first  place  it  gave  rise  to  local  shingly  de- 
posits, interrupting  the  general  succession  of  the  sands  and 
clays  older  than  the  Gault,  and  has  thereby  rendered  it  un- 
likely that  we  shall  be  able  to  obtain  from  beneath  London 
such  a  supply  of  water,  by  means  of  very  deep  Artesian 
'wells,  as  has  been  obtained  at  Grenelle  from  the  Lower 
Greensand ;  and,  secondly,  it  has  probably  borne  up,  as  a 
part  of  its  constituent  mass,  some  coal-beds,  continuous 
with  those  of  Belgium  on  one  hand,  and  of  Somersetshire  on 
the  other ;  thereby  possibly  affording  coal  in  deep  borings, 
in  this  district. 

In  the  study  of  fossils,  so  many  new  and  interesting  facts 
have  been  elucidated,  that  we  can  only  refer  to  a  few :  such 
as  Mr.  Beckles's  further  discoveries  among  the  Mammalia 
and  Eeptilia  of  the  Purbeck  period,  and  his  discovery  of  the 
bones  of  the  entire  foot  of  the  Iguanodon,  which,  being 
three-toed,  may  welH  fit  some  of  the  fossil  foot-marks  de- 
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scribed  at  p^  S83,  as  Laving  been  found  in  deposits  fontied 
among  tbe  haunts  of  this  great  reptile  j— to  the  deacriptioDa^ 
by  Prof.  Huxley  and  Mr.  Kirkby,  of  Crtistaceana  of  higher 
rank  than  Entomostraca  in  the  Permian  and  Carboniferous 
deposita  ;^to  the  diacovery^  bj  the  geologista  of  Ludlow  and 
the  neighbourhood,  of  many  more  fish-remaina  in  the  Upper 
Silurian  than  had  hitherto  been  known ; — and  espeoiaUy  to 
Dr.  Falconer* a  luminous  exposition  of  the  zoological  and 
geologieal  relations  of  the  true  specie  a  of  Mastodon  and 
Elephant  (see  p.  DG3). 

To  the  results  of  Sir  R,  I,  Murchison'a  well-sustained  re- 
searches among  pals&oaioic  rocka  and  foagils  we  owe  very 
much  indeed  that  is  new  in  our  knowledge  of  the  Permian 
and  Silurian  formation  a.  Of  the  latter  eapecially  we  have  a 
recently  corrected  classifieation,  whieh,  elaborated  by  thia 
distingiushed  geologist,  and  enriched  by  the  labours  of  Ame- 
rican, European,  and  British  palEeontologista,  is,  with  Sir 
Eoderick's  kind  pcrmiaaion,  brought  forward  in  thia  little 
work  for  the  use  of  the  student,  even  before  ita  appearance 
in  the  forthcoming  Second  Edition  of  Sir  R,  Murchison^s 
"  Siluria."  Last,  not  least,  we  must  particularly  notice  the 
disentanglement  of  the  ravelled  clue  to  a  clear  knowledge  of 
the  relations  of  the  rocks  of  Sutherlandahire,  where  Mr. 
Peaches  late  discovery  of  an  important  set  of  fossils  in  a 
band  of  altered  limestone  has  enabled  Sir  E.  Murchison  to 
bring  to  their  true  bearings  the  observations  made  in  this 
locality  by  himself  and  others,  and  not  only  to  rectify  errors 
and  to  disperse  the  obscurity  which  covered  the  geological 
luBtory  of  the  North- western  Highlands  of  Scotland,  but  to 
place  enormous  masses  of  the  stratified  rocks  of  this  region 
into  their  right  places  in  the  geological  scale,  and  in  relation 
with  their  equivalent  formations  in  Scandinavia^  Canada, 
Wales,  and  elsewhere. 

T*  EuPEET  Jokes, 
Ihhruary,  285$. 
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LECTURE   V. 

PAST  I. — THE  JURASSIC  POEMATION  :  OOLITE  AJSB  LlAS. 

I.  Zoology  of  the  Cbalk.  2.  Zoology  of  the  Wealden.  3.  Site  of  the  Country  of  the 
Iguanodon.  4.  Lithological  structuie  of  the  Country  of  the  Iguanodon.  5.  Lower 
Secondary  Formations.  6.  General  view  of  the  Oolite  and  Lias.  7.  The  Oolite  or 
Koe-stone.  8.  Geographical  distribution  of  the  Oolite.  9.  BaUway-sections.  10.  Sub- 
divisions of  the  Oolite :  Portland  Bock.  11.  Kimmeridge  Clay.  12.  Oxford  Oolite  or 
Coral-rag.  13.  Oxford  Clay.  14.  Kelloways-rock  and  Combrash.  Id.  The  Cotteswold 
Kills.  16.  The  Stouesfield  Slate.  17.  Organic  Bemahis  of  the  Stonesfield  slate.  18. 
Fossil  Mammalia  of  Stonesfield.  19.  Comparison  of  the  Stonesfield  and  Wealden 
Fossils,  ao.  Lithographic  stone  of  Germany.  21.  Coal-bearing  strata  of  the  Oolite. 
22.  CoUyweston  Slates.  23.  ^oal-beariug  Oolite  of  Brora.  24.  Coal-bearing  Oolite  of 
Kastem  Virginia.  25.  The  Lias.  26.  Organic  Bemains  of  the  Jurassic  System.  27. 
Zoophytes  and  Badlaria.  28.  Mollnsca.  29.  Crustaceans  and  Insects.  30.  Fishes. 
31.  BeptUes  of  the  Jurassic  System. 

1.  ZooLoaT  OF  THE  Chalk. — The  examination  of  the 
Cretaceous  and  Wealden  fonnations  has  afforded  an  in- 
structive exposition  not  only  of  the  nature  of  oceanic  and 
fluviatile  deposits  in  general,  but  also  of  the  condition  of 
animated  nature  at  the  close  of  the  geological  cycle  which 
comprises  the  secondary  epochs.  It  will  therefore  be  ex- 
pedient in  this  stage  of  our  inquiry  to  consider  the  general 
features  of  the  animal  kingdom  during  the  periods  embraced 
in  this  review. 
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In  the  ocean- Ded  of  the  cretaceous  period,  we  find  vestiges 
of  all  the  principal  groups  of  existing  marine  organisms ; 
comprising  many  genera  of  the  Shark-family — ^viz.  species  of 
Cestracion,  Lamna,  Corax,  &c. ;  with  fishes  related  to  the 
GhimaBra,  Salmon,  Mackerel,  Basse,  &c. ; — in  fact,  the  lead- 
ing types  of  the  majority  of  the  fishes  that  inhabit  the  pre- 
sent seas.*  The  Cephalopoda  (Cuttle-fishes)  and  Echino- 
dermata  (Sea-urchins,  Star-fishes,  and  Encrinites)  were 
profusely  developed ;  crustaceans  allied  to  the  Hermit-crab, 
Lobster,  "Water-flea,  &c. ;  univalve  and  bivalve  moUusca ; 
and  innumerable  multitudes  of  Sponges,  Bryozoa,  and  Eok^' 
minifera ; — all  these  forms  of  animal  existence  have  left  en- 
during memorials  of  their  presence  in  the  seas  of  those  re- 
mote ages.  And,  although  we  have  likewise  proof  that 
numerous  extinct  genera,  together  with  others  now  of  ex- 
cessive rarity,  swarmed  in  prodigious  numbers  in  the  creta- 
ceous ocean,  and  negative  evidence  that  the  Cetacea  (see 
above,  p.  325),  as  the  Whale,  Porpoise,  Seal,  &c.,  were  not 
among  its  inhabitants,  yet  the  diversified  types  of  animated 
beings  whose  relics  are  entombed  in  these  strata  show  that 
the  waters  of  the  deep  possessed  the  same  general  conditions, 
and  maintained  the  same  relations  with  the  atmosphere  and 
with  light,  as  at  the  present  time. 

The  most  remarkable  peculiarity  in  the  zoological  features 
of  the  Chalk  relates  to  the  abundance  of  marine  Eeptiles ; 
for,  with  the  single  exception  of  a  lizard  belonging  to  the 
family  of  the  Igtumidwy  which  inhabits  certain  parts  of  the 
sea-coasts  of  South  America,t  the  Chelonians  or  Turtles  are 
the  only  known  existing  marine  animals  of  this  class.  But 
the  cretaceous  sea  was  tenanted  by  several  Saurians  of  con- 

*  See  the  chronological  table  in  M.  Agassiz's  Recherches  sur  les  Pois- 
sons  Fossiles,  tome  i. ;  and  Morris,  Catal.  Brit.  Foss.  p.  316,  &c. 

t  The  Aniblyrhynchw  criatatus  of  the  Galapagos  Islands :  see  Mr. 
Darwin's  Journal,  in  the  Colonial  Library,  p.  385 ;  and  Lyell's  Manual, 
p.  326. 
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siderable  magnitude, — namely,  the  Mosasaurua  (p.  319), 
Poljptychodon  (p.  367),  Ichtkyosaurus,  Plesioiaunia ;  and 
by  others  of  smaller  eiae,  such  as  small  Turtles  and  the  eel- 
like Dolichosaurus. 

Of  the  terrestrial  fauna  and  flora,  tbe  evidence  to  he  de- 
rived from  deep-sea  deposits  must  of  course  he  scanty.  We 
have,  however,  proof  that  the  then  dry  land  bore  forests  of 
pines  J  that  ferns  and  plants  of  the  cycadeous  tribea  formed 
the  prevailing  vegetation  j  and  tbat  the  country  waB  in- 

bited  by  Iguanodons,  Pterodactjles,  and  other  reptiles. 

2.  ZooLoax  or  the  Wealdek.— From  data  of  a  like 
Tiature,  we  learn  that  during  the  deposition  of  the  Wealden 
there  was  an  extensive  regioa  traversed  by  streams  and 
rivers  swarming  with  fishes,  crustaceans,  and  mollusca.,  of 
extinct  species  J  hut  belonging  to  the  same  principal  types 
as  those  which  inhabit  the  fresh  waters  of  warm  climates 
under  similar  conditions:  and  that  then,  as  now,  marsh- 
tortoises  and  crocodilian  reptdes  tenanted  the  swamps  and 
lagoons. 

Of  the  inhabitants  of  the  land,  we  hare  more  ample  in- 
formation from  the  relics  ingulfed  in  the  deltas  and  lacus- 
trine sediments,  than  could  be  afforded  by  deposits  accumu- 
lated in  the  depths  of  the  ocean,  and  far  from  the  regions 
whence  they  were  derived. 

Colossal  herbivorous  and  carnivoroua  lizards,  differing 
essentially  in  their  organization  from  all  existing  reptOeSj 
and  of  which  no  vestiges  have  been  discovered  in  any  strata 
newer  than  the  Chalk,  were  the  principal  terrestrial  verte- 
brata  of  the  Wealden  epoch.  These,  together  with  some 
small  mammals,  a  few  fiying  reptiles,  and  lizards  of  small 
siTe,  and  probably  some  wading  birds,  appear  to  have  con- 
stituted the  entire  vertebrate  fauna  of  the  regions  which 
furnished  the  materials  of  this  formation.  The  flora  con- 
sisted chiefly  of  ferns,  coniferous  trees,  cycadeous  plants, 
cypresses^  and  a  few  unknown^  but  apparently  Te\a.le^  Itmst^* 
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In  fact,  the  islands  and  continents  of  the  late  Oolitic  and  earlj 
Gretaceous  epochs,  during  which  time  the  Wealden  deposits 
were  being  formed,  appear  to  have  possessed  many  similar 
zoological  and  botanical  characters.  Here  then  we  have  the 
first  glimpse  of  extensive  regions  ahnost  exclusively  inhabit- 
ed by  enormous  reptiles :  for,  though  the  leaves  and  fruits 
of  delicate  plants,  the  fragile  bones  of  birds  and  flying  rep- 
tiles, the  wings  of  insects,  and  the  brittle  sheUs  of  molluscs 
with  their  ligaments  and  epidermis  remaining,  are  abund- 
antly found  imbedded  in  the  sediments  of  the  rivers  and 
seas,  but  few  traces  of  mammiferous  animals,  and  those  of 
small  size,*  have  been  discovered  in  the  Wealden  deposits. 
"We  have  now  approached  the  Age  of  BeptiUs  ; — ^that  geo- 
logical epoch,  in  which  the  earth  swarmed  with  enormous 
oviparous  quadrupeds,  and  the  air  and  the  waters  alike 
teemed  with  reptilian  forms. 

3.  Site  of  the  cottntbt  op  the  Igtiakodok. — ^Before 
we  pass  to  the  investigation  of  the  older  secondary  form- 
ations, I  would  briefly  reconsider  the  question  as  to  the 
geographical  position  of  the  principal  tracts  of  country  dur- 
ing the  deposition  of  the  "Wealden  and  Cretaceous  strata ; 
— ^whether  England  was  then  dry  land,  and  enjoyed  a  tropi- 
cal climate ;  and  whether  turtles,  crocodiles,  and  gigantic 
lizards  here  flourished  amid  groves  of  tree-ferns,  and  other 
productions  of  intertropical  climes;  or,  on  the  contrary, 
whether  the  coimtry  of  the  Iguanodon  was  situated  far  dis- 
tant from  the  area  now  covered  by  its  spoils  ? 

The  imequivocal  marks  of  transport  which,  as  we  have 
seen,  the  fossils  of  the  Wealden  so  generally  exhibit,  seem 
to  demonstrate  that  the  reptiles  and  terrestrial  plants  could 
not  have  lived  and  died  in  the  regions  where  their  relics  are 
imbedded :  for,  with  the  exception  of  the  beds  of  river-shells 
and  minute  crustaceans,  and  the  plants  which  indicate  a 

*  The  Spalacothere  and  Plagiaulax,  and  their  allies,  in  the  Purbeck 
series* 
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laeustrine  condition,  the  orgaaic  remains  frequently  bear  in- 
disputable marks  of  bavin g  been  tran&ported  from  eonie 
remote  country,  by  a  river  or  powerful  flood  of  fresb-water,* 

Tbe  Bpecimen  of  the  Hyboosaums  {ante,  p.  449)  throwi 
light  on  tlufi  question.  Many  of  the  vertebrte  and  rib  a  are 
"broken  and  splintered,  but  the  fragments  remain  near  each 
other ;  and,  though  the  bones  are  more  or  leas  displaced,  yet 
they  lie  in  situations  bearing  some  relation  to  their  natural 
positions.  These  facts  demonstrate  that  the  carcass  of  the 
animal  must  have  been  contused  and  mutilated,  and  that  the 
diBloeated  and  broken  parts  were  held  together  bj  the  mus- 
cles and  integuments.  In  this  state  the  headless  trunk  must 
have  floated  down  the  river,  and  at  length  have  sunk  into 
the  mud  of  the  delta,  where  ifl  formed  a  nucleus,  aronnd 
which  the  stems  and  foliage  of  ferna  and  cyeadeoua  plants 
accumulated,  and  river- shells  became  intermingled  in  the 
general  mass.  Here  then  we  have  evidence  of  the  body  of  a 
terrestrial  reptile  having  been  transported  from  a  consider^ 
able  distance  by  a  stream  or  current  of  freah  water ;  for 
not  the  slightest  indication  of  marine  detritus  can  be  traced 
in  the  deposits  in  which  it  was  imbedded.  The  country 
where  this  animal  lived  and  died  may  therefore  have  been 
situated  far  from  the  spot  where  its  fossil  remains  were  en- 

mbed. 

An  eminent  geologist  f  bas  the  following  remarks  on  this 
Biibject: — 

**  If  it  he  asked  wliere  the  continent  Tvaa  pkced  from  the  niitis  of 
vhich  the  Weal  den  strata  were  derived^  and  by  the  drainage  of  which  a 
great  river  was  fed,  we  are  half  templed  lo  speculate  on  the  farmer  ex- 
istence of  the  Atlantis  of  Plato.     The  story  of  the  submergence  of  an 

cient  conUnent*  however  fabiiloua  ia  history,  may  be  true  aa  a  geolo- 
gical event,     lis  disappearanoe  may  hate  been  gradual ;  and  we  need 


*  The  upright  trees  of  the  lale  of  Portland  present  an  exception  ;  hut 
thii  forest  may  have  grown  on  an  island  very  remote  from  the  mainland, 
inhahited  by  colossal  reptilea. 
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not  suppose  tliat  the  rate  of  subsidence  was  hastened  at  the  period  when 
the  displacement  of  a  great  body  of  fresh  water  by  the  Cretaceous  sea 
took  place.  Suppose  the  mean  height  of  land  drained  by  the  riyer  of 
the  Wealden  estuary  to  have  been  no  more  than  800  or  1000  feet;  in 
that  case,  all  except  the  tops  of  the  mountains  would  be  covered  as  soon 
as  the  fundamental  Oolite  and  the  dirt-bed  were  sunk  down  about  1000 
feet  below  the  level  which  they  occupied  when  the  forest  of  Portland 
was  growing.  Towards]  the  close  of  the  period  of  this  subsidence,  both 
the  sea  would  encroach  and  the  river  diminish  in  volume  more  rapidly; 
yet  in  such  a  manner,  that  we  may  easily  conceive  the  sediment  at  fint 
washed  into  the  advancing  sea  to  have  resembled  that  previously  depo- 
sited by  the  river  in  the  estuary.  In  fact,  the  upper  beds  of  the  Wealden, 
and  the  inferior  strata  of  the  Lower  Greensand,  are  not  only  conform- 
able,* but  of  similar  mineral  composition. 

"It  is  also  a  remarkable  fact,  that  the  same  Iguanodon  MantelH 
which  is  so  conspicuous  a  fossil  in  the  Wealden  has  been  discovered  near 
Maidstone,  in  the  overlying  Kentish-rag,  or  marine  limestone  of  the 
Lower  Greensand.  Hence  we  may  infer,  that  some  of  the  Saurians 
which  inhabited  the  coimtry  of  the  great  river  continued  to  live  when 
part  of  the  country  had  become  submerged  beneath  the  sea.  Thus  in 
our  own  times,  we  may  suppose  the  bones  of  alligators  to  be  frequently 
entombed  in  recent  fresh-water  strata  in  the  delta  of  the  Ganges ;  but,  if 
part  of  that  delta  should  sink  down  so  as  to  be  covered  by  the  sea,  marine 
formations  might  begin  to  accumulate  in  the  same  space  where  fresh- 
water beds  had  previously  been  formed ;  and  yet  the  Ganges  might  still 
pour  down  its  turbid  waters  in  the  same  direction,  and  transport  the  car- 
casses *  of  the  same  species  of  alligator  to  the  sea ;  in  which  case  their  bones 
might  be  included  in  marine  as  well  as  in  subjacent  fresh-water  strata." 

4.   LiTHOLOGICAL  STBTJCTUBE  OP  THE  IgUTANODOK  C01J5- 

TBT. — The  nature  of  the  rocks  and  strata  of  which  the 
country  of  the  Iguanodon  t  was  composed  is  also  a  subject 
of  considerable  interest ;  and  from  the  first  moment  that 
the  fluYiatile  origin  of  the  Wealden  suggested  itself  to  my 
mind,  to  the  time  when  I  was  compelled  by  ill  health  to  quit 
the  field  of  my  early  researches,  I  lost  no  opportunity  of 
obtaining  data  by  which  the  problem  might  be  solved,  and 
carefully  examined  the  pebbles  and  boulders,  and  the  fine 

*  The  Rev.  C.  Fisher  points  out  the  exceptional  unconformability  of 
these  deposits  in  Dorsetshire.     Trans.  Camb.  Phil.  Soc.  vol.  ix.  ^.  556* 
f  See  also  Petrifactions  and  their  Teaclunga,  cYva^.  ^. 
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detritus  a^  well  m  the   coarser  materials  of  wMcli  th&l 
Wealden  beda  are  composed, 

Mj  lamettted  friend,  the  late  Mr.  Bakewell,  kindly  afford- 
ed me  Ms  valuable  aid  in  determining  the  nature  of  the 
rocks  whence  the  debris  was  derived;  but  the  materiala 
were  too  scanty  to  tlirow  any  satisfactory  light  upon  the  | 
inquiry.  In  the  "Fossils  of  Tilgate  Eoreat/*  a  bed  of 
conglomerate,  near  Cuckfield,  is  described  as  coataining 
pebbles  of  white,  yellow,  pink,  and  mottled  quartz,  jasper, 

City-Blate,  and  indurated  sandstone :  and  from  this  deposit 
expected  to  obtain  more  satisfactory  information  than 
^m  the  fine  detritus  of  which  the  sands,  sandstones,  and 
elayB  consist.  But  with  the  exception  of  smaH  pebbles  of 
rock-crystal,*  the  substances  above  mentioned  comprise  ail 
the  transported  minerals  that  hare  come  under  my  observa* 
tion.  The  abundance  of  micaceous  particles  in  many  of  the 
sands  and  sandstones,  and  the  prevalence  of  argOlaceous  and 
arenaceous  deposits,  seem  to  indicate  a  region  in  which  were 
primary  rocks,  with  sandstones  and  clay;  for  the  quartz- 
pebblea  and  the  micaceous  sands  and  clays  may  have  been 
derived  from  decomposed  granitic  and  f el  spathic  rocks.  Ex- 
traneous fossils  are  rare  both  in  the  Weal  den  and  the 
Chalk. t  Debris  of  oolitic  fossils,  howeverj  occur  in  some 
beds  of  the  Lower  Grreensand  in  Surrey. 

The  observations  of  Dr.  Buckland  on  this  problem  entire- 
ly accord  with  the  result  of  my  own  investigations. 

H  ^*  The  general  abseao^  of  pf^bblea  shows  iha.t  Ihe  lands  werg  dintAtit 

•  Small  rouk-crystflJs  are  often  found  in  the  fiandfitone  near  Tuntridge 
Wells,  and  are  cut  and  set  in  rings  and  brouchea  by  the  lapidaries  of 
that  toTiTi* 

f  A  i-olled  fragment  of  conifemus  wood,  which,  from  ita  stale  of  mi- 
neralizaiion,  tliere  is  reason  lo  concludo  la  from  the  Oolite,  was  fouud 
by  Henry  Carr,  Esq,,  in  a  block  of  white  chalk  from  a  railway 'CUUinff 
near  Epsom,  See  Geology  of  the  lale  of  Wight,  p.  140.  Dr,  Fitton 
mentiujjs  haring- fotmd  a  toUed  aramonite  in  the  Wealdeu. 
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from  whence  the  fine  particles  of  sand  and  clay  were  tnnspttrted 

We  should  be  inclined  to  look  for  these  lands  either  in  Devonshire  or 
Ck>mwall,  on  the  west ;  or  in  the  nearest  primary  and  transition  mountains 
of  the  C!ontinent,  yiz.  in  Normandy  and  Brittany,  on  the  south-west ;  or 
in  the  forest  of  Ardennes,  on  the  south-east.  It  is  not  probable  that 
the  materials  of  the  Wealden  formation  have  been  derived  in  any  great 
degree  from  the  detritus  of  the  Oolitic  series,  because  in  such  case  we 
should  have  found  among  them  an  admixture  of  pebbles  of  Oolite,  none 
of  which  have  yet  been  noticed."* 

Of  the  seaward  exteimion  of  the  delta  of  the  Ignanodon 
river,  no  certain  indications  have  yet  been  obtained :  t  but 
it  is  evident  that  there  must  have  been  intercalations  of  the 
detritus  and  organic  remains  of  the  land  and  fresh-water 
with  those  of  the  sea  into  which  the  mighty  stream  dis* 
charged  its  waters ;  and  there  can  be  no  doubt  that  sooner 
or  later  such  fluvio-marine  Wealden  strata  as  those  at  Pun- 
field  and  at  Beauvais,  when  studied  more  extensively, 
will  be  found  to  throw  much  light  on  the  history  of  the 
"Wealden. 

6.  LowEB  Sbcoitdabt  Fobmatiows.  —  In  accordance 
with  the  chronological  arrangement  (p.  202),  I  proceed  to 
the  consideration  of  the  antecedent,  or  lower,  group  of 
the  secondary  formations,  namely  the  Oolite;^  Lias,  and 
Trias.  As  a  whole,  the  series  consists  of  alternations  of 
clays,  marls,  limestones,  sands,  and  sandstones,  abounding 
in  marine  exuvisD,  and  which  have  evidently  been  deposited 
in  the  basin  of  a  sea  or  seas.  With  these  strata  are  inter- 
ealated  in  some  localities  beds  of  fluvio-marine  detritus,  in 

*  Geol.  Trans.  2nd  series,  vol.  iii.  p.  490. 

f  Mr.  Godwin  Austen's  Map,  PI.  I.,  vol.  zii.  Geol.  Soc.  Joum.,  and 
hifl  observations,  op.  cit,  p.  66,  should  be  consulted  on  this  subject. 

X  The  Oolitic  and  Liassic  rocks  may  be  conveniently  considered  un- 
der the  single  term  **  Oolitic,"  or,  still  better  "  Jurassics."  As  the 
Jura  mountain -range  comprises  the  whole  series  of  these  rocks,  the  con- 
tinental geologists,  dividing  them  into  groups,  know  them  as  the 
"White  (or  Upper)  Jura,**  ** Brown  (or  Middle)  Jura,**  and  "Black 
(oT  Lower)  Jura,**  and  collectively  as  the  '*  Jurassic  formation.** 
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widcli  vestiges  of  terreetrial  animali  and  plants  are  im- 
bedded. 

(I  ahaE  also  comprise  in  this  Lecture  a  notice  of  the  Per* 
mian  formation,  although  belonging  to  the  palsDozoic  system, 
becanae  the  mineral  and  some  of  the  organic  characters  are 
conveniently  described  when  t-reating  of  the  Trias,  and  that 
the  Carboniferous  sjatem  may  be  considered  La  a  separate 
discourse.) 

The  fossil  remaiuB  of  the  inhabitants  of  the  Jurassic  sea 
comprise  a  prodigious  number  of  foraminifera,  zoophytes, 
cchinodermatfl,  moUusca,  Crustacea^  fishes,  and  reptiles,  nearly 
all  of  extinct  forms.  The  fossil  marine  plants  of  this  seriea 
belong  to  several  species  of  algse ;  and  those  of  the  land  con- 
sist of  such  as  were  transported  into  the  ocean  by  rivers  and 
currents,  namely,  trunks  and  branches  of  coniferous  trees, 
cycadeous  plants,  ferns,  ^fec, ;  sometimes  occurring  in  the  state 
of  lignite  and  coal*  The  relics  of  tbe  land  animals  are  prin^ 
cipallj  of  insects,  with  bones  and  teeth  of  numerous  reptiles  j 
BJid  of  three  genera  of  small  terrestrial  mammalm.  Evidence 
is  thus, afforded  of  the  existence  of  countries  clothed  with  a 
luxuriant  vegetation,  and  inhabited  by  numerous  reptiles 
and  a  few  warm-blooded  quadrupeds. 

6.  Geneeal  ttew  or  the  Oolite  ajtb  Lias,  on  thb 
J1TEA8SIC  FOEMATTOF.— This  formation  may  be  described  aa 
consisting  of  three  principal  argillaceous  and  of  an  eqyal 
number  of  calcareous  deposits  ;  namely.  Upper  or  Portland 
Oolite,  and  the  Kimmeridge  day;  Middle  or  Coralline 
Oolite,  and  Oxford  Clay  ;  and  Lower  Oolites,  and  the  Liag- 
aic  Clays.    The  leading  subdivisions  of  these  strata,  as  they 

cur  in  England,  and  the  names  by  which  they  are  gene-- 

ly  distingnialied,  are  expressed  in  the  following  table. 
The  Lias  is  included ;  for,  though,  in  conformity  with  the 
nmial  geological  classifications,  this  group  of  strata  is  placed 
as  a  separate  formation  in  the  synopsis  (p.  202),  we  shall 
find  it  convenient^  and^  I  beLeve^  more  in  awicorie^^  m^ 
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Ucr.T. 


Upper  Oolite 
of  the  Isle  of 

Portland,  Wilts, 
Bucks,  Berks, 

Oxfordshire,  &c. 


Middle  Oolite. 

Wilt8,Oxfordshire,^ 

Yorkshire. 


the  origin  and  nature  of  the  depoeits,  to  comprise  it  in  a 
general  survey  of  the  Oolitic  or  Jurassic  series.* 

THE  OOLITIC   OB  JITBASSIO   GROUP. 

OOLITE. 

1.  Portland  Stone,  and  Portland  Saiuf;— lime- 
stone, usually  white,  with  layers  of  cherty 
flint;  green  and  ferruginous  sands:  Awuiuh 
nitea,  Terebrte,  Trigonia,  with  other  maiinA 
exuviae ;  some  bones  of  reptiles,  and  drifted 
wood. 

2.  Kimmeridge  C/by;— blue  clay,  with  septaria, 
bands  of  sandy  concretion,  and  bituminous 
shale;  marine  reptiles,  fishes,  shells,  coraU, 
and  other  organic  remains. 

1.  Calcareous  Qrit  and  Coral-rag  y — sandy  lime- 
stone, shell-limestone,  and  limestone  composed 
of  corals,  with  shells  and  echini. 

2.  Oxford  Clay; — blue  clay,  with  septaria;  a- 
bounding  in  fossils :  a  ferruginous  sandy  lime- 
stone, called  Kellotoaya-rock,  full  of  shells,  is 
subordinate  to  this  clay. 

1.  Combrash  ; — coarse  shelly  limestone,  with  day. 

2.  Foreet  Marble,  and  Bradford  Clay; — fissile 
arenaceous  limestone,  coarse  shelly  oolitSt 
sand,  grit,  and  clays. 

3.  Great  Oolite ; — Oolitic  limestone  and  calcareous 
Lower  Oolite.  freestone ;  sometimes  rich  in  shells.  StoneS' 
Wilts,  Somerset,  field  state; — fissile  oolitic  limestone,  contain- 
Oloucestershire,               ing  remains  of  coniferae,  cycadeee,  ferns,  and 

Oxfordshire,      «  algae,  marine  shells  and  fishes ;  insects,  reptiles^ 

and  Northamp-  and  mammalia. 

tonshire.  4.  FuUer*s  Earth  /—marls  and  clays,  with  Ailler*8 

earth,  and  sandy  limestones  with  shells. 
5.  Cheltenham  or  Inferior  Oolite  ;  — coarse  lime- 
stone, with  masses  of  trigoniae,  gryphaeae,  and 
terebratulae ;  freestone  and  pea-grit; — ferru- 
ginous sand,  with  concretionary  blocks  of  sandy 
limestone. 

*  In  the  Map,  PI.  I.  vol.  i.,  the  Oolite  and  Lias  are  denoted  by  the 
iivuie  colour  and  number  (4). 
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Lower  Ooi.itb 

of  the 

Yorkshire  coast. 


Lower  Oolitb 

of 
Brora  in  Scot- 
land. 


r  1.  CcmJbraah ;  a  thin  bed  of  rubbly  limestone  ; 
which  in  many  parts  is  a  mere  aggregation  of 
shells  and  other  fossils. 

2.  Sandstones  and  Clays,  with  land-plants ;  ^in 
coal  and  shale  ;  calcareous  sandstone  and  shelly 
limestone  {Great  Oolite), 

3.  Sandstone^  often  carbonaceous  with  clays,  full 
of  leaves  of  terrestrial  plants ;  beds  of  coal  and 
ironstone, 

4.  Limestone^  ferruginous  and  concretionary 
sands. 

1.  Shelly  limestones  /—alternations  of  sandstones, 
shales,  and  ironstone ;  with  plants. 

2.  Ferruginow  limestone,  with  carbonized  wood, 
leaves,  shells,  and  cypridae. 

^     3.  Sandstone  and  shale,  with  two  beds  of  coal. 


Lias 
of 
Dorsetshire, 
•  Somersetshire, 
Gloucestershire, 
Northampton- 
shire, 
and  Yorkshire. 


LIAS. 

1.  Upper  Lias  shales  and  limestone  {Alum-shale 
of  Yorkshire),  replete  with  remains  of  fishes ; 
reptiles,  especially  Ichthyosauri  and  Plesio- 
sauri ;  Crinoidea  in  profusion ;  Crustacea;  be- 
lemnites,  ammonites,  &c. ;  jet  at  Whitby. 

2.  Marlstone — calcareous,  sandy,  and  ferruginous 
strata,  rich  in  belemnites,  ammonites,  pectens, 
and  other  fossil  shells ;  wood,  ferns,  and  cyca- 
deous  plants. 

3.  Lower  Lias  shales  and  limestones — abounding 
in  shells,  Plagiottoma  giganteiun,  Gryphcea  in- 
eurva,  &c. 


This  list,  extensive  as  it  appears,  exhibits  only  the  princi- 
pal deposits  comprised  in  the  Oolitic  system.  The  difference 
observable  between  the  lower  beds  of  the  Oolites  of  the 
South-western  counties  and  those  of  Yorkshire  and  Scotland, 
in  the  presence  of  accumulations  of  vegetable  matter  in  the 
state  of  coal,  with  the  remains  of  terrestrial  plants, — and 
the  occurrence  of  the  relics  of  ZamisB,  Insects,  Eeptiles,  and 
Mammalia,  in  the  StoneaBeld  slate,  are  o£  great  mtec^^X.^i^'^ 
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tliey  attest  the  existence  of  land,  and  the  action  of  riven 
and  currents.  Our  previous  ohservations  on  the  nature  of 
oceanic  deposits  (vol.  i.  p.  67)  will  have  prepared  the  intelli- 
gent reader  for  such  intercalations  of  terrestrial  detritus 
with  remains  of  land-animals  in  the  deposits  of  the  ancient 
seas. 

7.  Oolite  oe  Boe-stone. — The  limestones  of  this  form- 
ation have  very  generally  a  peculiar  structure,  being  com- 
posed of  an  aggregation  of  small  rounded  grains  or  spherules, 
presenting  some  resemblance  to  clusters  of  small  eggs,  or 
the  roes  of  fishes ;  whence  the  name  Oolite,  or  Boe-stone^ 
which  is  now  applied,  not  only  to  limestones  possessing  this 
character,  but  also  to  the  entire  series  of  deposits  which  in- 
tervene between  the  Chalk  and  Wealden  above  and  the  Lias 
below.  On  the  Continent  the  group  is  generally  termed 
"  Terrains  Jurassiques,*^  from  the  Jura  Mountains  that  di- 
vide France  from  Switzerland  being  largely  composed  of 
these  deposits. 

The  oolitic  structure  is  not  however  confined  to  this  divi- 
sion of  the  secondary  rocks ;  for  it  occurs  in  recent,  in  ter- 
tiary, and  also  in  some  of  the  most  ancient  sedimentary 
strata.  It  consists  of  an  aggregation  of  grains  or  globules 
of  calcareous  matter,  composed  of  concentric  lamin»  which 
commonly  have  a  particle  of  sand,  a  minute  sheU,  or  a  frag- 
ment of  shell  or  other  organic  substance,  as  a  nucleus. 
These  globules  owe  their  formation  to  the  deposition  of  suc- 
cessive spheroidal  concretions  around  the  included  body 
while  subjected  to  the  action  of  water  in  which  a  rotatory 
motion  is  induced;  and  the  spheroids  continue  to  increase 
until  they  become  too  heavy  for  further  transport,  and  then 
subside,  and  are  consolidated  by  subsequent  infiltration. 
When  the  individual  spheres  are  of  a  large  size,  the  aggre-  * 
gated  mass  is  called  pisolite  or  peastone.  The  springs  near 
Csrhhad  deposit  a  beautiful  conglometate  of  this  kind, 
0awe  maeaea  of  which  are  siifficiently  com^wi^  to  ^\sfi^  o1 
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being  Tnamifactured  into  boxes  and  other  ornaments.  Polish- 
ed slioes  exhibit  every  variety  of  sections  of  the  concentric 
layers  of  which  the  concretions  are  composed ;  and,  as  the 
colour  varies  from  a  pure  white  to  a  delicate  brown,  the  sur- 
iace  is  elegantly  marked  with  zones  of  various  tints. 

8.    G-EOGBAPHIOAL  DISTBIBUTIOK  OP  THE  OOLITB. — The 

strata  above  enumerated  form  a  striking  feature  in  the  phy- 
sical geography  of  England,  from  the  southern  shore  of 
Dorsetshire  to  the  Yorkshire  coast.  They  constitute  a 
table-land  of  considerable  elevation,  the  greatest  heights 
amounting  to  1500  feet,  which  extends  in  a  tortuous  line 
from  the  Dorsetshire  coast,  throiigh  Somersetshire,  "Wilt- 
shire, Q-loucestershire,  Oxfordshire,  Northamptonshire,  and 
Lincolnshire,  to  the  eastern  shores  of  Yorkshire.  This  tract 
generally  presents  a  bold  escarpment  to  the  west,  and  slopes 
gradually  to  the  east,  dividing  the  eastern  and  western  drain- 
age of  that  part  of  England.* 

Certain  subdivisions  of  the  Oolite  predominate  in  parti- 
cular localities  ;  thus,  the  Oxford  Clay  prevails  in  the  mid- 
land counties, — the  grey  rubbly  limestone,  called  Combrash, 
at  Malmsbury,  Chippenham,  &c., — ^the  Eorest  Marble,  in  Ox- 
fordshire and  Somersetshire, — the  Great  Oolite,  at  Bath, — 
the  Stonesfield  Slate,  or  rather  Tilestone,  near  "Woodstock, — 
and  the  Inferior  Oolite,  in  the  Cotteswold  hills. 

The  Lias  forms  a  district  that  lies  parallel  with  the 
escarpment  of  the  Oolite,  from  beneath  the  base  of  which  it 
emerges ;  it  traverses  the  country  from  the  well-known  cliffs 
at  Lyme  Eegis  in  Dorsetshire  to  near  Eedcar,  on  the  York- 
shire coast.t 

On  the  Continent  the  Oolite  appears  in  Normandy,  and 
its  characteristic  fossils  prevail  in  the  quarries  around  Caen ; 
diverging  into  several  branches  or  ranges  of  hills,  it  tra- 

•  See  Geology  of  Yorkshire,  by  Professor  Phillips. 
t  The  Western  boundary  of  the  Oolitea  is  daown  oti'Vlt.^Q^^ 
Austen's  map,  GeoL  Jonrn,  vol.  xii.  pi.  1. 
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verses  France,  forms  the  chief  feature  of  the  Jura  Moun- 
tains, and  constitutes  part  of  the  Alps' ;  and  in  the  latter, 
strata  belonging  to  this  system  appear  greatly  altered  in 
their  mineralogical  composition  from  the  effect  of  metamor- 
phic  action.  The  Jurassic  series  of  Germany,*  contains  the 
lithographic  stones  of  Fappenheim,  Solenhofen,  and  Mann-, 
heim,  some  beds  of  which  are  celebrated  for  the  beauty  and 
variety  of  their  fossil  remains. 

Jurassic  rocks  occur  in  Spain,  Algeria,  Sicily,  Italy,  Croa- 
tia, and  the  Carpathians ;  also  in  Bussia,  the  Crimea,  the 
Caucasus,  Persia,  and  Syria.  Jurassic  fossils  have  been 
collected  in  Cutch,t  in  the  Himalay  as,^  in  Central  India,§ 
in  South  Afirica,||  and  to  a  small  extent  in  North  America.!" 
The  eastern  coal-fields  of  Virginia  are  referred  by  some  geo- 
logists to  the  Jurassic  period.  Oolitic  fossils  are  also  stated 
to  have  been  discovered  in  South  America. 

9.  Eailwat-sections. — In  a  previous  Lecture  (vol.  i.p. 
873)  we  described  the  sections  presented  by  the  South-East- 
em  railway  as  affording  a  coup-d'oeil  of  the  geological  struc- 
ture of  that  part  of  England :  in  like  manner  the  lines  that 
traverse  our  island  in  other  directions  enable  the  instructed 
observer  to  obtain  a  general  idea  of  the  geographical  distri- 
bution and  position  of  the  principal  groups  of  the  rocks  and 
strata. 

More  than  a  quarter  of  a  century  since,  the  information 
to  be  derived  from  such  a  survey  was  admirably  pointed  out 
by  Conybeare.**  "If,"  observes  that  eminent  geologist, 
"we  suppose  an  intelligent  traveller  taking  his  departure 

*  For  a  comparative  view  of  the  Continental  and  the  English  Oolites, 
see  Fraas,  Quart.  Geol.  Soc.  Joum.  vol.  vii.  part  2,  p.  42 ;  and  Oppel, 
Wirtemberg  Nat.  Hist.  Soc.  Journal,  1857. 

t  Geol.  Trans.  2  ser.  vol.  v.  p.  297.  }  Geol.  Soc.  Joum.  vol. 

vii.  p.  306.  §  Ibid,  vol.  x.  p.  372,  and  xi.  p.  376. 

II  Geol.  Trans.  2  ser.  vol.  vii.  p.  193.  f  By  M.  Jules  Marcou. 

•♦  Geology  of  England  and  Wales,  p.  ii. 


from  tte  metropoliSy  to  make  from  that  point  aeveral  me- 
ceasive  journeys  to  varioua  parte  of  this  island,  for  iastance, 
to  South  Wales  or  to  North  "Wales,  or  to  Cumberland  op 
to  T^orthumberland,  he  cannot  fail  to  uotic^^  (if  he  pnys  any 
attention  to  the  physical  geography  of  the  country  through 
which  he  passee)  that,  before  lie  arrives  at  the  distritita  in 
which  coal  is  found,  he  will  first  pass  a  tract  of  claj  and 
Band ;  then  another  of  chalk ;  that  he  will  neit  observe 
numerous  quarries  of  the  calcareous  freestone  used  in  archi- 
tecture ;  that  he  wiU  afterwards  pass  a  broad  ^one  of  red 
marly  sand  j  and  beyond  this  wiU  find  himself  in  the  midst 
of  coal-mines  and  iron -f urn aeea*  This  order  he  will  find  to 
be  invariably  the  same,  whicheyer  of  the  routes  above  indi- 
cated he  pursues ;  and,  if  he  proceeds  furtherj  he  will  per- 
ceive that  near  the  limits  of  the  coal-fields  he  will  generally 
observe  hiDs  of  the  same  kind  of  compact  limestone,  afford- 
ing grey  and  dark  marbleSj  and  abounding  in  mines  of  lead 
and  iinc ;  and  at  a  yet  greater  distance  mountainous  tracts 
in  which  roofing-slate  abounds^  and  the  mines  are  yet  more 
valuable ;  and  lastly,  ho  wiU  often  find,  surrounded  by  these 
slaty  tract Bj  central  groups  of  granitic  rocks.*' 

The  Great  Western  Bail  way,  from  London  to  Bath,  and  *] 
the  Birmingham  line  from  Ens  ton  Square  to  Derby,  respec- 
tively traverse  the  strata  comprised  in  the  oolitic  system ; 
for  our  present  purpose  the  former  will  afford  the  most  in- 
structive illustration.  From  the  Paddington  station,  which 
is  situated  on  London  Clay  (p.  282),  the  line  passes  along 
tertiary  strata,  by  Ealing,  Han  well,  and  Sloughy  and  enters 
ihe  Chalk  near  Maidenhead ;  beyond  Wallingford  it  tra- 
Terses  the  clays  and  limestones  of  the  Oolite,  and  the  cuttings 
in  many  places  exhibit  good  sections  of  these  deposits, 
^^ear  Bath  it  emerges  on  the  Lias  i  and,  crossing  a  narrow 
1>elt  of  Triassic  strata,  passes  on  to  the  Carboniferous  beds 
of  the  Bristol  coal-measures.  In  this  route  there  dre  several 
localities  of  considerable  interest,  as  Farringdcn,  ^miv^RiEL, 
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Chippenham,  Calne,  &c.,  to  which  we  shall  aUude  here- 
after* 

10.  SUBDIVISIOK  OP  THE  OOLITB  : — ^POBTLAITD  OOLITB-t 

— ^Beds  of  limestone  having  the  roe-like  structure  above  de- 
scribed form  a  principal  lithological  feature  of  the  calcareous 
portion  of  the  Oolite ;  but  the  uppermost  deposits  consist  of 
shelly  freestones,  of  variable  structure.  Erom  the  great  em- 
ployment of  certain  beds  of  this  stone  for  architectural  piH> 
poses,  and  the  extensive  quarries  that  have  for  centuries 
been  worked  in  the  Isle  of  Portland,  this  upper  group  is 
called  the  Portland  stone.  In  the  south  of  !Ebigland,  as  we 
have  already  had  occasion  to  mention  (p.  897),J  the  Port- 
land beds  are  covered  by  the  Purbeck  (Wealden)  strata,  in- 
cluding in  some  places  layers  of  vegetable  mould  and  petri- 
fied upright  trunks  of  coniferous  trees.  The  lower  part  of 
this  group  is  composed  of  a  bed  of  sand  {Portland  sand) 
from  60  to  80  feet  thick,  which  gradually  passes  into  the 
underlying  clay.  The  fossils  of  the  Portland  beds  are  very 
numerous ;  large  ammonites,  pleurotomariae,  cerithia,  trigo- 
nisB,  pectens,  oysters,  &c.,  and  bones  of  saurians,  with  drift- 
ed coniferous  wood,  are  among  the  prevailing  organic  re- 
mains. § 

•  See  Medals  of  Creation,  vol.  ii. ;  Geological  Excursions  to  CUfton, 
p.  864;  and,  for  the  section  exposed  by  the  Birmingham  and  Derby  line, 
Excursions  to  Matlock,  p.  867. 

Mr.  Hugh  Miller  contrasts  the  appearance  of  these  nulway-sections, 
in  which  the  strata  hare  a  low  angle  of  inclination  (as  usual  with  the 
secondary  rocks  of  England),  with  those  of  the  line  from  Glasgow  to 
Edinburgh.  There  every  few  hundred  yards  in  the  line  brings  the  tra- 
veller to  a  trap-rock,  against  which  the  strata  are  tilted  at  every  possible 
angle  of  elevation.    See  "  First  Impressions  of  England  and  its  People." 

t  For  details  of  the  geological  phenomena  exhibited  by  the  beds  below 
the  Chalk  and  above  the  New  Red  Sandstone,  in  the  south-east  of  Eng- 
land, Dr.  Fitton's  elaborate  memoir,  in  the  Geol.  Trans,  second  series, . 
vol.  iv.,  shoyld  be  consulted. 

X  See  also  Geological  Excursions  round  the  Isle  of  Wight,  &c.  p.  286. 

§  As  a  British  locality  exhibiting  the  Portland  strata  and  their  cha- 
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11.  The  KiMMEEtD&E  Clay. — Tliis  argillaceous  deposit 
conaiets  of  dark-bluiak  aud  grey  clay,  whicb  in  some  parts 
paases  into  biglily  bituminoua  shale,  known  aa  "  Kimme- 
ridge  Coal ;  "  the  name  m  derived  from  Kimmeridge  in  Dor- 
Betehire,  where  some  of  the  layers  are  euflicieutly  eombuati- 
ble  to  be  used  as  fuel.*  This  deposit  is  in  some  places  300 
feet  IE  tHckness,  but  thins  out  very  conaiderably  in  the 
nortbern  counties  of  Eugland*  It  extends  into  France  aud 
Smtzerland. 

^^eai  HartweU,  in  the  vde  of  Aylesbury,  in  Buckiaigham- 
ine,  this  clay  ia  largely  developed,  aud  abounds  in  organic 
xcmaina  of  great  beauty  and  interest,  eapecialiy  Ammonites, 
Pieuro  to  marine,  Thraciie,  Pernaj,  &c.  j  the  nacreoua  or  pearly 
coat  of  the  sheila  of  the  ammomtea  is  often  as  perfect  and 
splendid  with  irideacent  colours  as  in  a  polished  shell  of  a 
reeeat  nautilus.  Many  of  the  sheUs  of  which  casts  only 
ot^cur  in  the  Portland  rock  above  are  fouod  preserved  entire 
^  the  clay.  A  flat  oyster  of  a  deltoid  form  (Ostr^sa  del- 
t<^idm)  is  very  abuadant,  and  is  characteristic  of  the  Kim- 
•Jieridge  clay- 

Bones  of  IchthyoBaurij  Plesiosauri,  and  Cetioaauri  are  oc- 
casionally fonnd,  also  scales,  teeth,  and  other  remains  of 
fi^besj  among  which  are  mandibles  of  the  Cbimieroids^t 

12,  The  Oxford  Oolite,  ot  Cobal-hag. — The  Kim- 
fiieridge  clay  rests  on  beds  of  coralline  limestone,  termed 
(kmUrag^  many  of  which  are  really  petrified  coral-reefs,  and 

tftctfiristic  fosaila,  Swindon  in  Wiltshire  ia  one  of  the  most  interesting. 
See  Geological  Excuraionfl  in  the  Medab  of  Crention,  vol.  ii.  p.  862. 

*  Sl'c  Eicursions  raund  the  Isle  of  Wight^  p.  *2t»5.  This  bitumiiKJUS 
sMle  contains,  accordLng  to  the  anaiyaes  of  some  chemists,  25  pi?T  cent, 
mor*  illiiminaUug  power  than  Newcastle  coal,  when  applied  la  manu- 
facturing purposes.  It  occtira  in  several  layers,  varying  from  2  to  7  Ject 
in  thickness,  interatralified  with  dark -colour^  sandy  calcareous  beds. 

-f  The  extenaiTe  Museum  of  Dr.  Le©  of  Hart  well  coniains  a  fine  col- 
lection of  fossils  from  this  neighbourhood ;   and  stranj^ers  are  ailoWL^d 
free  wcci^sa  by  the  learned  and  liberal  proprietor* 
2  Jc 
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eonsiflt  of  coarse  limeatonej  composed  of  stony  corals,  cbie% 
of  the  Ailrmdis  thmily,  aud  having  the  interstices  filled  up 


iTOW,  I  IT— Shells  antj  Ecaiiion  WIOK  thi  Ooliti  aww  UAB. 

Flff- 1,  TrlifoniJi  cUTellil*  i  from  Iti*  K|mm«rld^  Claj  ► 
a. — ^;  a  llracitone  cnai,  from  rortlti^+ 

5.  Spine  or  CldaT^ilUumpnbachll. 

B.  Gr^phrk  iDcnrrti;  Hat,    CbelT*nhiiiip> 

7-  Amiiioiiil««  bibvQi  (Walcctlilj  S<!W.) ;  Llat  near  Datli. 


i 


with  sheik,  echinoderme^j  eand,  and  pebbles ;  the  whole  is 
more  or  less  consolidated  by  calcareous,  and  in  some  in- 


stances  by  Bilieious,  infiltrations.  So  obvious  la  the  origin 
of  these  rocks,  that  the  moat  io curious  obsener  who  travels 
through  the  districts  where  these  deposits  prevail  cannot 
fail  to  remark  the  blocks  of  coral  whieh  everywhere  meet 
his  view  in  the  t^uarries  and  on  the  road-aide.  In  many 
parts  of  Wiltshire,  Berkshire^  and  Qloueesterahire,  the 
Coral-mg  is  extremely  rich  in  organic  remains  j  corals,  shells, 
and  echimtes  occurring  in  almost  every  mass  of  stone* 
From  the  pita  near  Farringdon  *  hundreds  of  specimens  may 
be  collected  in  the  course  of  a  few  hours  j  and  the  quarries 
near  Cabie,  in  Wiltshire^  abound  in  echinitea  of  that  beau- 
tifiil  speciea  popularly  called  "  Miiru^  night-caps  ^^  {Oidaris^ 
Ligiu  IVI.f^.  3),  which  are  often  surrounded  by  their  spines 
in  aa  perfect  a  state  as  if  they  had  just  sunk  down  iuto  soft 
sand  or  mud ;  detached  spines  of  these  animals  are  found 
{Lign.  117 j  fig.  5)  in  immense  numhers.f 

Many  species  of  the  bivalves  called  l^igoniee^  J  of  which 
only  three  species,  inhabitants  of  the  Australian  seas,  are 
known  living,  occur  in  these  beds  in  great  perfection  and 
abundance ;  two  species  are  here  figured  (Lign.  117) ;  lime- 
stone-caBts  of  these  sheila  are  very  frequent  in  the  Portland 
stone,  and  are  generally  accompanied  with  a  Cerithmm. 

IS.  OxFOBB  CiAi%— The  Coral-rag  rests  upon  a  bed  of 
clay,  in  many  places  300  feet  thick,  which  is  characterized 

IP  Most  of  the  heighta  around  Farringdon  are  capped  with  shelly  Hand 
d  spong^e^avel,  referable  to  the  Lower  Greensand,  overlying  Coral- 
tmf.  StAnford  pit,  three  miles  soiilh-east  of  Farringdon,  contains: — 1, 
Uppennost,  Coral-rag,  3  J  feet ;  2.  Limestone,  with  immense  numbers  of 
theltSi  4 J  feet ;  B*  Sand,  3  feet ;  4.  Clay.  These  bods  aJ-ound  in  trigo- 
niie,  gerrilli^,  terebralultB,  oatrHJte,  belemnitea,  and  ammoniles  ;  in  a  alab 
of  coaTS€  sandy  limestone,  four  feet  square,  I  counted  above  fifty  ger- 
vilUm  and  many  irigomse.  Between  Watch  field  and  Shrivenham  fhe 
CorEl-rag  h  seen  in  opening  on  the  road-side.     See  Medali  of  Creationi, 

f  See  Medals  of  Creation,  vol.  i*  p.  311,  for  a  particular  account  of 
these  rosins.  +  Ibid,  p,  41^. 
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by  the  abundance  and  varietj  of  its  organic  remains.    Some 
localities  in  Wiltshire  are  celebrated  for  the  state  of  perfec- 
tion in  which  many  species  of  extinct  Cephalopoda  occur. 
At  Christian  Malford,  near  Chippenham,  the  cuttings  for 
the  Great  Western  Bailway  brought  to  light  specimens  of 
the  soft  parts  of  the  animals  allied  to  the  Sepiad»  or  Cuttle- 
fish, whose  shells  are  so  abundant  in  the  argillaceous  depo- 
sits of  the   Oolite.      The  Behmnoteuthia  (of   Channing 
Pearce),*  an  extinct  cephalopodous  mollusc  allied  to  the 
Belemnite,t  but  generieally  distinct,  has  been  found  witli 
its  arms  entire,  and  the  acetabula  or  suckers  and  spines  at' 
tached.     In  the  works  for  a  branch-railway  through  Trow- 
bridge, the  Kelloways  rock,  Oxford  clay,  Combrash,  and 
Bradford  clay  were  largely  exposed,  and  yielded  innumer- 
able specimens  of  the  usual  fossils,  and  some  species  of 
ammonites  and  other  shells  not  previously  observed4    The 
members  of  the  upper  part  of  the  oolitic  system  occur 

•  See  London  Palaeontological  Journal,  No.  2,  PI.  XV.  XVI.,  for 
beautiful  figures  of  some  remarkable  specimens  of  these  extinct  Cephalo- 
poda.   Medals,  vol.  ii.  p.  447,  and  p.  460.    Phil.  Trans.  1850,  p.  393. 

t  For  a  systematic  account  of  the  Belemnites  and  other  members  of 
the  Cephalopodous  family,  see  Woodward's  **  Manual  of  the  Mollusca." 

X  Mr.  Reginald  Neyille  Mantell  made  a  large  collection  of  the  fossils 
brought  to  light  by  the  cuttings  and  ezcarations  in  this  locality.  It  com- 
prised very  large  and  fine  specimens  of  Ammonites ;  Nautili ;  Belem- 
nites with  the  phragmocone  and  traces  of  the  soft  parts ;  the  cartilagin- 
ous base  of  the  BelemnoteuthU  ;  innumerable  small  gasteropodous  shells ; 
Ostraes  deltoideae ;  Gryphaes,  Terebratuis,  &c. ;  masses  of  coniferous 
wood  and  lignite ;  bones  of  Ichthyosauri,  Plesiosauri,  Teleosauri,  &c. ; 
and  a  few  relics  of  fishes.  The  profusion  of  fossil  shells  dug  up  in  the 
comparatively  small  area  traversed  by  the  railway,  some  of  which  were 
inhabitants  of  deep  and  others  of  shallow  water,  here  and  there  inter- 
mingled with  drift-wood,  attests  the  effects  of  sub-marine  currents  by 
which  the  remains  of  molluscs  of  such  different  habitats  were  accumu- 
lated and  spread  over  this  area  of  the  sea-bottom,  with  the  spoils  of  the 
land  transported  from  a  distance  by  rivers.  Quart.  Joum.  Geol.  Soc 
vol.  vi.  p.  315. 
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through  this  part  of  Wiltshire  in  their  natural  order  of  sue- 
cession ;  as  is  shown  in  the  following  section  {JUgn.  118),  in 
which  the  subdivisions  of  the  Chalk  and  Oolite,  from  the 
Upper  or  flinty  Chalk  down  to  the  Oxford  Clay,  are  seen  in 
a  nearly  horizontal  and  conformable  position. 


IIOM.  118.— DIAOBAX-SECTIOK  THROrOH  THE  WlLTBRntX  CHALK-DOITMS  TO  TBB 

OXFORD  Clay. 

1.  upper  and  Lower  White  Chalk.    J.  Upper  Oreensand.    S.  Oault    4.  Lower  Oreeniand 
5.  Portland  Oolite.    8.  Kimmerldfre  Clay.    7.  Coral-rag.    8.  Oxford  Clay. 

14.  Kellowats  Rock  kistd  Cobkbbash.  •—  A  bed  of 
p^tty  and  sandy  limestone,  a  few  feet  in  thickness,  and  some- 
times ferruginous,  is  intercalated  with  the  lower  portion  of 
the  Oxford  Clay  in  the  South  of  England  and  in  Yorkshire, 
and  is  remarkable  for  the  abundance  of  moUuscan  remains 
which  it  contains.  It  is  called  the  KeUoways  rock ;  hence 
a  common  species  of  ammonite  in  this  deposit  is  named 
A,  Callomenais. 

Comhrash. — Under  the  Oxford  Clay  a  hard  rubbly  lime- 
stone, from  ten  to  twelve  feet  thick,  sometimes  passing  into 
clay  and  sandstone,  is  generally  met  with,  which,  like  the 
Kelloways  rock,  swarms  with  many  species  and  genera  of 
marine  shells,  associated  with  other  fossils.  This  bed  is  pro- 
vincially  termed  Comhrash.  Subjoined  are  figures  of  a  few 
Combrash  shells  from  the  neighbourhood  of  Scarborough  in 
Yorkshire,  which  were  first  described  by  Mr.  Eft«a.* 

•  See  Map.  Nat.  But,  1839,vol.  u\.  ip.  bT  • 
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In  the  South-west  of  England,  the  Combrash,  which  is 
persistent  as  a  peculiar  shelly  deposit  from  the  South  to 
the  North  of  England,  is  succeeded  downwards  by,  1st,  the 


UGK.  119.— ShKLLS  from  THX  YOBKSniBE  COBMBKASH. 

Fig.  1.  Sanguinolaria  parrala. 

3.  ^alla  ondulau.     (Occurs  al«o  in  the  Great  Oolite  of  Minchinbampton.) 
S.  Natica  punctura.  (Oocurs  alto  in  the  Groat  Oolite  and  Inferior  Oolite  of 

Torkahire.) 

4.  Anomia  semistriata. 
0.  Cardium  globoeum- 

8.  Isocardia  triangularis. 

Hinton  Sands  and  Forest  Marble,  together  about  100  feet 
in  thickness;  2nd,  by  the  Bradford  Clay,  about  60  feet 
thick ;  3rd,  the  Great  or  Bath  Oolite,  varying  from  40  to 
120  feet  in  thickness ;  4th,  the  Fuller's  Earth,  a  series  of 
marly  and  calcareous  beds,  of  very  variable  thickness,  some- 
times 130  feet  thick ;  and  lastly  by  the  Inferior  Oolite,  a 
group  of  calcareous  and  sandy  beds,  o^ten  iettxiLi^oua,  and 
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^fcometimes  upwards  of  200  feet  thick.     Tlie  Inferior  Oolite 

^■extends  into  the  Midland  countiei  and  Yorkshire^  although 

^  very  reduced  in  thickness ;  but  the  other  members  of  the 

Lower  Oolite  beneath  the  Cornhraah  are  variously  re  pre* 

atfuted  in  the  3>lidland  and  North-eastern  diatrit-ts^  and  in 

tthe  North  British  area  represented  by  the  Oolites  of  Hkye 
pud  Brora.  Instead  of  marine  calcareouH  deposits  being  the 
|)re dominant  feature,  aandy  and  clayey  deposits  form  the 
maas  of  the  beds;  and  land-animals,  auch  aa  insectSj  the  Me- 
galosaurus,  and  a  few  mammals,  are  found  in  them,  whilst 
remains  of  land-plants  occur  occasionally  in  great  profusion. 
In  these  circumstances  we  have  indications  that  the  Lower 
Oolitic  rocks  of  Southern  England  were  formed  in  a  com- 
paratively deep  sea  (though  not  of  so  uniform  a  depth  aa 
t bat  of  the  preceding  Middle  and  Upper  Oolite  periods),  and 
that  the  coast- line  of  the  then  esisting  land  lay  probably  at 
no  great  distance  to  the  north-west  of  our  Jlidland  Oolitic 
area.* 

The  J^rest  Marble  and  Bradford  Olay,- — The  fiasOe  sandy 
ODlitic  he  da,  or  tilestones,  of  the  Forest  Marble,  have  aiford* 
ed  remarkably  fine  specimens  of  ripple^markings  and  tracks 
of  shell-fish  and  crustaceans  ;  and  have  evidently  originated 
as  local  shallow- water  deposits,  full  of  broken  shells.  The 
more  compact  shell-beds  form  the  blue  limestones,  or  forest 
marble  of  Wiltshire.  A  seriee  of  clay-beds  and  thin  lime- 
stones succeed,  hut  are  sometimes  merged  into  the  Forest 

•  Thd  student  is  referred  to  Mr*  Morris' a  ladd  compamun  of  the 
OoliUe  rocks  of  Gloucealti rehire,  Lincolnnhire,  and  Yorkshire,  in  thi 
Quart*  G^l.  Joum,  vaL  {%,  p,  317,  for  detailed  dewjripiiona  and  much 
Viiluahle  infonna1.Loii  on  ih La  subject* 

Thtr  admirable  memoir  by  Mr,  L^insdale  on  the  Geology  of  tlio  country 
around  Balh  should  be  consulted  by  those  desiroua  of  more  ample  in- 
furmation  on  the  OoHte  of  that  port  uf  England ;  Geob  Train,  2nd 
»er*  voU  tiL  p,  242, — and  Trofesaor  Thi  Hi  pa's  Geology  of  Yorkshire,  for 
A  full  arc^^unl  of  the  Oolite  synLem  of  the  eastern  moorlanda  of  that 
Cvunt^* 
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Marble  above,  op  the  Fuller's  Earth  beds  below.  These 
clays  are  remarkable  in  the  neighbourhood  of  Bradford,  in 
Wilts,  for  the  remains  of  a  particular  species  of  crinoid, 
called  the  JPear-encrinite  of  Bradford*  {ApiocrinuM :  Me- 
dais,  p.  288),  which  in  some  places  occur  under  circum- 
stances apparently  indicating  that  the  animals  still  occupy 
the  spots  where  they  grew.  The  clay  is  spread  over  the 
surface  of  a  stratum  of  limestone,  and  many  of  the  stems  of 
these  Stone-lilies  are  upright,  with  their  root-like  bases  at- 
tached to  the  calcareous  rock ;  and  numerous  articulationto, 
once  composing  the  stems,  arms,  and  body  of  the  animals, 
are  scattered  at  random  through  the  clay.f 

16.  The  Cotteswold  Hills. — As  the  elevated  tract  of 
country  called  the  Cotteswold  Hills,  which  extends  for 
thirty  miles  through  the  county  of  Gloucester,  in  a  N.E. 
and  S.W.  direction,  having  an  average  breadth  of  ten  or 
twelve  miles,  exhibits  the  principal  characters  of  the  Jurassic 
series  of  the  South-west  of  England,  the  following  brief  de- 
scription of  this  interesting  and  typical  tract  will  be  highly 
useful  to  the  student4 

The  surface  of  this  district  has  a  general  inclination  to  the  S.E.,  its 
eastern  borders  having  an  eleration  of  about  400  to  500  feet  above  the 
sea ;  whilst  the  western  ranges  from  600  to  800  feet,  and  the  culminatr 
ing  point,  Cleeve  Cloud,  is  1134  feet  high. 

The  branch  of  the  Great  Western  Railway  from  Swindon  to  Glonces- 


•  Pictorial  Atlas,  pi.  1.  f  Manual  of  Geology,  5th  Edit.  p.  307. 

t  This  account  of  the  physical  geography  and  structure  of  the  Cottes- 
wolds  was  communicated  to  the  author  by  Professor  Woodward,  formerly 
of  the  Agricultural  College,  Cirencester,  now  of  the  British  Museuni.  Tho 
student  should  also  avail  himself  of  Mr.  Hull's  paper  on  the  Cottes- 
wolds,  in  the  Geol.  Soc.  Joum.  vol.  xi.  p.  477 ;  and  his  "  Memoir  on 
the  Geology  of  the  country  around  Cheltenham,*'  in  the  Memoirs  of 
the  Goolopical  Survey,  1857,  illustrative  of  the  Sheet  44  of  the  Geological 
Survey  Map. 


THK  COTTESWOLP  HILLS. 

ter  passes  thtougb  the  centre  of  the  district,  and  afford iS  m  key  to  its  geo* 
logical  structure* 

These  kLIb  are  entirely  composed  of  two  series  of  oolitic  Hmestonea, 
separated  by  a  bed  of  clay  known  to  geologiata  as  the  **  Fuller's  EBrth/' 
The  strata  are  incliDed  to  the  S.E.i  at  the  rate  of  about  1  in  J  30,  or  It'ss 
than  half  a  degree ;  yet  this  inclination  is  ^eater  than  that  of  the  genera] 
surface,  and  sufficient  to  carry  the  hill-atrala  beneath  the  newer  forma.* 
tions  on  ihe  S.E.,  j  whilst  on  tlie  north-western  boundury  they  ternii- 
nate  in  steep  escarpmeatis,  thiit  are  broken  and  indented  by  numert>it^ 
deep  and  picturesque  valleys* 

In  order  to  obtain  a  general  idea  of  the  nature  and  sucoesaion  of  the 
strata  of  ihe  whole  district,  we  may  conveniently  pursue  the  w  el  [-known 
Roman  road  termed  the  *'  Irmin  IF^iy/'  which,  coming  from  Newbury 
through  the  Wauborougk  downs,  runs  almost  in  a  straight  line  to  Crick- 
I  Iftde^  Cirencester,  Birdlip,  and  Gloucester*  EUid  traverses  in  sucoe^ion 
L       the  whole  of  the  oolitic  strata,  in  the  foUewing  order  ;— 

L  I.  Portland  stone*     'L  Kimmeridge  clny*     3.  Coral -rag.     4.  Oxford 

^K  day  and  KeUoways  rock.   5,  Great  Oolite :  subdivided  into  Com- 

^H  brash,  Forest  marble,  Bradford   clay^  Bath  freestone,  Slonesfield 

^V  slate.     6.  Fuller's  earth.     7.  Inferior  OoUte.     8.  Lias. 

^P^  1,  Thtf  Portland  ato7te  is  eitenslvely  quorhed  near  Swindon  Old 
Town  ;  2.  The  Kimtn&tid^e  clay  forms  the  t alley  in  which  the  Swindon 
ttation  and  the  New  Town  are  situated ;  3.  The  Coral-raff  rises  up  from 
beneath  the  clay,  and  conauiutes  the  hills  about  Straiten,  Saint  Marga- 
ret*s,  Pen  Hill,  and  Blunsdun  :  4«  The  Oxford  clay  occupies  the  whole 
of  Bray  don  Forest,  and  the  wide  valley  around  Cricklade,  but  is  covered 
in  many  places  by  thick  beds  of  Politic  graveL 

5.  At  Driffield  Cross- ways  the  Comhra^h  is  seen  in  the  small  quarries 
frotQ  which  the  road -stone  is  procured ;  and  in  descending  the  hill 
towards  Cirenceater  we  pass  to  tlie  Forest  marbU^  a  thin -bedded  stone, 
weU  shown  in  the  quarries  at  Preston,  from  which  much  of  the  roofing- 
itone  and  planking,  so  extensively  used  in  the  neighbourhood,  is  obtained. 
A  bed  of  clay  is  usually  found  separating  the  Forest  marble  from  the 
Bath  freestone,  and  is  therefore  the  equivalent  of  the  Bradford  clay 
Beyond  Stratton  the  road  lies  over  the  Bath  freestone  (or  '^  Hampton 
i^0JMf  **)  as  far  as  Highgate,  where  several  deep  valleys  expose  the  Sionst^ 
Jktd  sluie.  Fuller' i  earthy  and  Inferior  Oolite ^ 

The  quarries  near  Birdlip  also  eihibit  the  Inferior  Oolite,  and  the  re- 
mainder of  the  road  to  Gloucester  rests  upon  the  iJa^. 

If  on  Artesian  well  were  sunk  at  Swindon  New  Town,  it  would  ^ro- 

Mj  patt  through  the  abore-naeBtioned  strata,  from  Vhe  l^vrnTO^iM^^ 
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day  to  the  Lias,  in  the  same  order  in  which  they  are  passed  orer  by 
the  Irmin  Way.  reaching  the  surface  of  the  Lias  at  a  depth  of  aboat 
1000  feet. 

16.  The  Gbea.t  Oolite  and  Stoistesfield  Slate.— The 
Great  Oolite  of  the  Western  Counties  is  a  calcareous  series, 
in  which  the  well-known  Bath  Oolite  is  imbedded.  As  we 
trace  this  series  towards  the  north-east,  it  becomes  much 
modified,  and  the  lower  beds  appear  to  pass  into  the  cele- 
brated Stonesfield  Slate  *  (or  tile-stone). 

Stonesfield,  a  small  village  near  Woodstock,  about  twelve 
miles  north-west  of  Oxford,  has  long  been  celebrated  for 
the  fossils  imbedded  in  its  thin-bedded  limestone  ;  t  bones 
and  teeth  of  large  reptiles  and  of  fishes,  and  other  remains 
from  this  locality,  were  described  and  figured  by  Lhwyd, 
more  than  a  century  ago.J 

Dr.  Buckland*s  memoir  on  the  great  fossil  reptile  of 
Stonesfield,  the  Megalosauru8,§  where  he  at  the  same  time 
mentioned  the  discovery  of  mammalian  jaws  in  the  same 
deposits,  drew  special  attention  to  this  interesting  locality. 

The  Stonesfield  strata  have  been  ascertained,  by  Mr.  Lonsdale,  to  be- 
long to  the  lower  division  of  the  Great  Oolite ;  from  Dr.  Fitton's  de- 
scription I  of  the  circumstances  under  which  they  occur,  we  learn  that 
in  crossing  the  country  from  Oxford  to  Stonesfield,  the  Oxford  clay  with 
its  characteristic  fossils  is  first  observed  ;  this  is  succeeded  by  the  Corn- 
brash— the  uppermost  stratum  of  the  Great  Oolite  group,  which  is  seen 
beneath  the  clay  in  several  quarries  on  the  sides  of  the  road  to  Wood- 
stock and  Blenheim The  village  of  Stonesfield  is  situated  on  the 

brow  of  a  valley,  both  sides  of  which  are  deeply  excavated  by  the  shafts 

♦  Phillips's  Manual  of  Geology,  p.  303. 

t  Commonly  called  Stonesfield  slate.  As  the  term  *'  slate  "  is  techni- 
cally applied  to  the  old  metamorphic  clay-skUea  only,  it  is  misapplied  to 
the  laminated  rock  of  Stonesfield,  which  is  fissile  by  its  stratification, 
not  by  "cleavage." 

X  Lithophylacii  Britannici  Ichnographia. 

§  Geological  Transactions,  second  series,  vol.  i.  p.  390. 

D  Zoological  Journal,  vol.  iii.  p.  416. 
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and  galleries  that  have  been  constructed  for  the  extraction  of  the  "  slate." 
The  beds  that  supply  the  stone  are  at  a  depth  of  about  fifty  feet  below 
the  summit,  and  are  worked  by  shafts.  The  upper  twenty-five  feet  con- 
sist of  clays  alternating  with  calcareous  stone;  ihe  lower  of  fine-grained 
oolitic  limestone,  with  numerous  casts  of  shells.  From  the  bottom  of 
the  shaft,  drifts  or  horizontal  excavations  are  made  around,  extending  as 
far  as  safety  will  permit;  the  beds  above  being  supported  by  piles  of  the 
less  valuable  materials.  The  strata  thus  worked  do  not  exceed  six  feet 
in  thickness ;  they  consist  of  sandy  beds  imbedding  large  calcareous  con- 
cretions, which,  by  exposure  to  the  frost,  admit  of  separation  into  thin 
flakes. 

Pissile  calcareous  concretions,  similar  to  those  of  Stones- 
field,  occur  also  at  Wittering  and  Collyweston,  associated 
with  sandy  beds  and  oolite  limestones,  and  contain  ferns  and 
other  terrestrial  plants,  together  with  marine  shells. 

17.  Organic  Eemains  or  the  Stoneseield  Slate. — 
The  majority  of  the  fossils  of  Stonesfield,  although  of  so 
highly  interesting  a  character,  have  hitherto  been  very  im- 
perfectly investigated.  The  vegetable  remains  consist  of 
^coidal  plants,  and  of  palms,  arborescent  ferns,  and  plants 
allied  to  the  Zamia  and  Cycas,  with  seed-vessels,  leaves,  and 
stems  of  coniferae,  and  traces  of  reed-like  plants.  The  shells 
are  Jurassic  in  their  character;  and  one  small  bivalve  (2W- 
ffonia  impressd)  is  extremely  abundant.  The  bones  and 
teeth  of  the  gigantic  terrestrial  reptile  related  to  the  Moni- 
tor, the  Megalosaurus,  mentioned  above  as  occurring  in  the 
Wealden  (vol.  i.  p.  435),  bones  of  Pterodactyles  or  flying 
lizards,  bones  and  plates  of  Turtles,  and  other  osseous  re- 
mains,  apparently  of  saurians,  present  a  striking  general 
correspondence  with  the  fossils  of  the  Wealden.  The  elytra 
or* wing-cases  of  beetles,  and  other  relics  of  insects,  are  of 
frequent  occurrence.  The  teeth,  scales,  fin-bones,  and  rays 
of  fishes  belong  for  the  most  part  to  the  same  genera  and 
species  as  those  contained  in  other  Jurassic  strata ;  teeth  of 
Jj^ndotus  and  Mybodiis  are  frequently  met  mt\x.\*   Wt 

*  See  Buckland's  Bridgwater  Treatise  for  ftguxea  ot  ^^nw^  \^«s^ 
from  Stonesfield, 
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by  far  the  most  interesting  fossils  are  the  mammalian  re- 
mains. 

18.  Fossil  Maicmj^^ia  or  Stokesfield.* — The  lamin- 
ated oolitic  limestones  of  Stonesfield  have  yielded  some  of 
the  most  precious  relics  of  the  past  ages  of  our  globe — ^most 


1 

Lioir.  ISO.— Th«  right  bids  op  rmt  Loimi  Jaw  op  ▲  mahsupial  Mammaxxaii; 

STU.NK8K1ELI) 

(From  Zoolug.  Journ.  vol.  lii.  pi.  xi.) 

Fig.  1.  Natiuml  sixe.    Fig.  2.  Enlarged  view  of  a  single  tooth. 

(Phateototherium  BueUamdi.J'^- 

of  the  known  vestiges  of  mammalian  animals  X  in  the  se- 
condary formations,  in  other  words,  in  deposits  of  an  ago 

♦  See  Prof.  Owen's  Memoir  in  the  Geol.  Trans.  2  ser.  voL  ii.  p.  147 ; 
Medals  of  Creation,  vol.  ii.  p.  805  ;  Petrifactions,  p.  401. 

t  The  original  is  in  the  British  Museum  ^  it  is  in  an  admirable  state  of 
preserration ;  and  the  piece  of  rock  in  which  it  is  imbedded  has  numer- 
ous casts  of  the  TVigoma  impressa,  which  occur  in  such  profusion  in  the 
Stonesfield  tilestone. 
X  Emmons's  DromatXeriumj  from  the  Chatham  Co9i\-^c\^  ol  ^^x^ 
nitim,'  mid  PlieniDgmr'B  Mieroleste^^  from  t\ie  'WVt\ftm\>«^  "ftoxiaAwA, 
M^nBwmmKm.  ^gtUi  mors  ancient  date. 
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long  antecedent  to  the  mainmaliferous  eocene  epoch : — a  fact 
of  the  highest  interest  to  the  geologist,  since  it  carries  back 
the  existence  of  the  higher  vertebrated  animals  to  a  period 
of  unfathomable  antiquity. 

The  mammalian  remains  hitherto  discovered  comprise, 
firstly,  a  portion  of  lower  jaw,  with  teeth,  of  a  small  pachy- 
dermatous animal  (the  8tereognathus),*  nearly  related  to 
some  of  the  Eocene  mammals,  such  as  the  Syracotherium 
and  Pliolophus  ;  t  and,  secondly,  at  least  seven  specimens 
of  portions  of  lower  jaws,  with  teeth,  belonging  to  very  small 
animals,  and  referable  to  two  genera.  One  of  these  is  allied 
to  the  Wombat  {FTiascolomys),  a  marsupial  animal  of  New 
South  Wales;  proving  that  the  remarkable  character  of 
the  mammalian  fauna  of  Australia  also  prevailed  in  a  very 
remote  period,  and  that  it  is  not,  as  some  have  inferred,  a 
new  order  of  things.  The  other  was  a  small  insectivorous 
miammal  (Am^hitherium),  having  thirty-two  teeth  in  the 
lower  jaw ;  its  marsupial  affinities  are  doubtful.^ 

19.  Comparison  of  the  Stonesfield  and  Wealden 
PossiLS. — We  have  seen  that  the  zoological  characters  of 
the  Oolite  and  Lias  are  decidedly  marine,  with  intercalations 
of  materials  brought  down  by  rivers  into  the  sea,  and  trans- 
ported by  currents .  to  a  more  or  less  distant  part  of  the 
oceanic  basin.  Unlike  the  organic  remains  of  the  Wealden, 
the  terrestrial  and  fresh-water  productions  are  mingled  with 
marine  plants,  shells,  and  fishes.  Thus,  while  the  Chalk 
consists  of  the  bed  of  a  deep  sea  with  scarcely  any  inter- 
mixture either  of  land  or-firesh-water  debris,  and  the  Wealden 
of  a  delta  in  which  but  few  marine  exuviae  are  imbedded,  the 
Lower  Oolitic  series  presents  an  intermediate  character,  of 
which  the  Stonesfield  strata  aifford  a  highly  interesting  ex- 

♦  Quart.  Journ.  Geol.  Soc.  vol.  xiii.  p.  1. 

t  Described  by  Prof.  Owen  in  Geol.  Proceed,  for  May  20,  1857. 

J  In  Pro/.  Owen's  "Britiah  Fossil  MammaU,"  axe  eiw^xM^.^  ^"igox^^ 
and  sn  elaborate  philosophical  notice  of  the  mamTnaUVKa  xem^vaa  ^mr»« 
veredin  the  "Stones&eld  slate."  See  ako  LyeWa  MoauiX,  TJ-^^"^- 
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ample.  The  reader  cannot  &il  to  mark  the  general  corre- 
spondence that  exists  between  the  organic  remains  imbedded 
in  these  fluvio-marine  deposits  of  the  Oolite  and  those  of  the 
Wealden :  *  the  following  tabular  view  will  render  this  ana- 
logy more  obvious — 

Wealden  and  Purbeck  Strata.         Stone»field  and  CoUyweston  SlaUt, 

Drifted  coniferous  wood  and  lig- 
nite. 

Equiseta. 

Ferns:  Sphenopteris,  Lonchopte- 
ris,  &c. 

Gycadacee. 

Carpolithes,  and  undetermined 
seed-Tessels. 

Fresh-water  shells:  Paludina,  Cy- 
clas,  Unio,  &c. 

Freshwater  Crustaceans :  Cypridaj. 

Insects :  numerous  genera. 

Fishes  of  the  genera  Hybodus,  Le- 
pidotus,  &c. 

Marine  and  Fresh-water  Chelo- 
nians. 

Reptiles  :  marine  —  Plesiosaurus 
and  Cetiosaurus. 

*— :  terrestrial —  Megalosaurus, 
Hylsosaurus,  Iguanodon,  &c. 

Crocodilian — Goniophilis,  Poecilo- 
pleuron,  &c. 

Pterodactyles. 

Birds  ? 

Mammalia:  several  genera  (Pur- 
beck). 

From  this  table  we  perceive  at  a  glance,  that  the  fauna 
and  flora  of  the  dry  land  during  the  deposition  of  the 
Stonesfield  oolite  and  the  "Wealden-strata  were  essentially 
the  same ;  while  the  difference  in  the  mollusca  points  out 
the  respective  conditions  under  w\x\c1ql  t\i^  de^sits  took 

♦  See  also  Fossils  of  the  South  Dozens  &c.  \%*n,  ^."^T  ^xA.\ft. 


Drilled  coniferous  wood. 

Fucoidal  plants. 

Ferns:  Sphenopteris,  Toeniopteris, 

&c. 
Cycadaceae. 
Carpolithes,     and     undetermined 

seed-yessels. 
Marine  shells  —  PteroceraSi  Tri- 

gonia,  &c. 
Marine  Crustaceans :  AstaddsB,  kc. 
Insects :  several  genera. 
Fishes  of  the  genera  Hybodus,  Le- 

pidotus»  Strophodus,  &c. 
Marine  Chelonians. 

Plesiosaurus  and  Cetiosaurus. 

Megalosaurus. 

Teleosaurus. 

Pterodactyles, 

Birds  ? 

Mammalia  :  three  genera. 


»lfl,  UmOGRAPHTG  BTONE  OP  GERMAKT,  ^H 

pkee:  and  the  same  may  be  said  more  or  leia  exactly  on 
conipftrison  of  tbe  estuarme  juraeaic  beds  of  Skye  and  Brora, 
and  of  Yorkshire,  with  tlie  Weal  den  series.  The  fresh- 
water  shells  of  the  Wealdea  indicate  the  bed  either  of  a 
delta  or  a  great  lagoon ;  the  marine  shells  of  the  Stonesfield 
Btmta,  the  basin  of  a  deep  sea.  Nor  can  we  reeiBt  the  con- 
Tiction  that  not  only  did  the  same  terrestrial  area^  however 
modilied  it  must  have  been  during  the  bug  succession  of 
ageflj  supply  the  debris  of  an  almost  unchanged  system  of 
animal  and  vegetable  life  to  the  jura&aic  seas  at  first,  and 
Bubseqiieutly  to  the  cretaceous  ocean,  but  that  also  the 
fwiiia  and  flora  of  this  ancieut  land  of  the  secondary  epoch 
kd  many  important  features  which  now  characterize  Aijs- 
tralasia*  The  Stoneafield  marsupials  and  the  Purbeck  Fla- 
pmhix  are  allied  to  genera  new  restricted  to  jS'ew  South 
Wales  and  Yan  Diemen*s  Land ;  and  it  is  a  most  interesting 
^t,  as  Professor  Phillips  was  the  first  to  remark^  that  the 
<^rganic  remains  with  which  these  relics  are  associated  also  cor- 
respond with  the  existing  forma  of  the  Australian  continent 
aad  neighbouring  seas ;  tor  it  ia  in  those  diatant  latitudes 
ttat  the  waters  are  inhabited  by  Cestracions,  Trigonia?,  and 
Terebmtnla! ;  and  that  the  dry  land  is  clothed  with  Arauca- 
^,  Tree-ferns,  and  Cycadeoua  plants. 

20.  LiTHoeHAPRio  STOKE  or  Q-EEMANT.— The  quarries 
ui  Germany  which  yield  the  iine -grained  fissile  calcareous 
^totie  so  much  employed  in  lithography,  and  belonging  to  the 
dipper  portion  of  the  Jurassic  series,  ai!brd  also  a  rich  assem- 
blage of  organic  remains,  of  the  highest  interest.  This  de- 
posit is  found  in  that  prolongation  of  the  chain  of  the  Jura 
^hicli,  after  the  fall  of  the  Rhine  at  Schaffhaiisen,  passes 
ii^to  Grennany  along  the  borders  of  the  Maine  and  near  to 
Coboarg.  The  quarries  are  situated  on  the  sides  of  the  yal- 
%  of  the  Altmuhl,  a  tributary  of  the  Danube,  that  extends 
V  Pappenheim  and  Aichsted-  This  valley  presents  a  pre- 
cipitous escarpment,  which  is  composed  of,l.  ^J:\\e  u^Tjfet- 

I. i 
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most  part),  fissile  calcareous  rock,  containiiig  in  abimdonci^ 
fishes,  criiflta<]ean3,ecliinodermB,  and  reptiles,  with  a  fewgraaU 
ammonites  and  bivalve  shells  ;—2.  a  maguesian  limestone;— 


l4,aX-   I2l.— FciMlL  PILAWS,  TtLOM  FAtFUSUiZIM. 

3.  limestone  of  a  greyish- wliite  coloiir,  abounding  in  ammo- 
nitee ;  and  4.  brown  or  grey  sandstone,  of  a  fine  graiii,  oon- 
stitutiDg  the  base  of  the  hills  of  the  district  *  The  most 
celebrated  quarry  of  the  laminated  limestone  is  that  of  So- 
lenhoten,  near  Pappenheim.  The  cream-eoloured  limestone 
of  this  quarry  has  long-  been  kiiowii  to  contain  organic  re- 
mains of  great  beauty  and  interest.  Crustaceans  aDied  to 
the  Lobster,  Shrimp,  &c.  are  often  met  with,  and  many  spe- 
cimens are  figured  by  authors.  Knorr's  '' Monumens  de§ 
Catastrophes  que  le  Glohe  terrestre  a  esmie  "  contains  nu- 
merous coloured  representations  of  these  fossils.  The 
Prawn-like  crustacean  here  figured  {Lign.  121)  shows  the 
extraordinary  state  of  preservation  of  these  remains.     Cro- 

*  For  the  rehiiye  age  of  tkesc  Juraaalc  rocka  of  BavaiLa^  aee  ¥raMM*n 
McmoiTf  GeoL  Soc,  Jo  urn.  voL  vvi.  part  'i,  ^.  'i4^ 


$  21.  COAL-BEABINQ  STRATA  OF  THE  OOLITE.  513 

codilian,  Pterodactylian,  Clielonian,  and  other  reptiles,  up- 
wards of  sixty  species  of  fish,  forty-six  of  crustaceans,  and 
twenty-six  of  insects,  have  been  collected  in  the  Solenhofen 
beds  by  Count  Miinster.*  There  are  but  few  shells  and 
plants,  and  these  are  marine. 

Sir  H.  De  la  Beche  has  remarked,  that  the  fact  of  the 
greatest  number  of  fossil  Insects  yet  noticed  in  the  Oolite 
having  been  found  where  the  remains  of  the  Pterodactyles 
principally  occur  seems  to  establish  a  connexion  between 
these  creatures,  not  merely  accidental ;  and  that  it  is  pro- 
bable the  whole  of  the  deposits  of  this  local  group  of  "the 
Jura-limestone  (and  those  also  of  Stonesfield)  may  have 
been  effected  on  a  coast  where  the  water  was  not  deep,  and 
on  the  shores  of  which  the  flying  reptiles  chased  their  insect- 
prey.f  The  association  of  insectivorous  mammals  and  rep- 
tiles with  innumerable  relics  of  insects  in  the  Purbeck  beds 
of  Dorset  is  of  equal  interest.^ 

21.    COAL-BEAEING  StEATA  OF  THE  OOLITE. — We  noticcd 

the  occurrence  in  the  tertiary  system  of  Provence  of  beds 
of  coal  with  limestone  containing  fresh-water  shells  and 
crustaceans  (vol.  i.  p.  264)  ;  and  in  the  lacustrine  deposits 
of  the  Ehine,  accumulations  of  brown-coal  and  lignite 
(p.  283).  In  the  Wealden  of  the  South-east  of  England,  lig- 
nite and  thin  seams  of  coal  are  associated  with  shale  and 
laminated  sandstones,  so  much  resembling  the  ancient  carbo- 
niferous beds  as  to  have  led  to  an  expensive  and  abortive 
search  for  coal ;  while  in  the  north  of  Qermany  the  Wealden 
contains  a  rich  coal-field  of  considerable  extent.  The  fluvio- 
marine  strata  of  Stonesfield,  though  teeming  with  vestiges 

*  See  Miinster's  fieitrage  zur  Geognosie  und  Petrefactenkunde, 
for  descriptions  and  figures  of  numerous  fossils  from  the  Solenhofen 
deposits. 

t  A  beautiful  fossil  Dragon-fly  from  Solenhofen  is  figured  in  Medals 
of  Creation,  vol.  ii.  p.  55 J. 
/  See  Prof.  Owen's  remarka,  Journ.  Geo\.  Soc^oV-x.^.  A?fl. 
2  L 
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of  land-plants,  enclose  no  conrndBfable  massei  of  Tegetable 
matter ;  but  in  the  extension  of  these  lower  beds  of  tho 
Oolite   northward,   indications    of  lignite   and   carhoniz€<jL 
plantH  become  more  abundant;  and  along  some  part  a  of  th^ 
Yorkshire  eoaat  Beams  of  coal  and  numerous  ibasil  Teget — 
ables  occur  \  proving  that  the  currente  of  fresh  water  whiclr^ 
flowed  into  that  part  of  the  Jurassic  eea  were  occasionally^ 
loaded  with  trees  and  terrestrial  plants,  transported  frot^* 
the  lands  inhabited  by  the  Megaloaaor,  Pterodactyles,  aii^^ 
small   Mammuiiana,   the  remains   of  which   are   found  d  -^ 
StonesHeld.    On  the  eastern  and  the  western  shores  of  Scol 
land,  strata  of  a  similar  character  are  exposed. 

Professor  Phillips  has  described  the  coal-bearing  beds  o^::^^^^^ 
the  Yorkshire  Oolite,*  and  Sir  It.  Murchiaon  those  o-^^^^^' 
Sutherlambhire ;  t  the  tabular  arrangement  at  p.  491  ahowt  ^^^8 
the  sncceasion  of  the  deposits  in  these  two  localities. 

In  Yorkshire  the  lower  Oolite  is  represented  by,  1.  a  tliii:^^^^^ 
Comb  rash  limes  tone  ;  2.  a  thick  mass  of  sandstones  anc^^  '**' 
shales  abounding  iu  coaly  matter ;  and  3.  ferruginous  sand^*^-J 
beds,  overlying  the  Liaa.  The  carbonaceons  mattcT  take^^^  • 
the  form  of  seams  of  coal,  which j  though  thin,  are,  from  locat  '^] 
ci re um stances,  of  considerable  value.  These  strata  assuiae^^^ 
the  appearance  of  a  true  coal-field,  with  subordinate  beds  of^^^' 

coarse  ahelly  limestone.    Indeed,  Prof  Phillips  has  remark* ' 

ed  that  in  the  Lower  Oolitic  series  of  Yorkshire  there  are 
five  plant-bearing  bands  of  sandstone  and  shales  (occasion- 
ally yielding  coal  in  throe  zones),  four  calcaroona  bands,  and 
several  layers  of  ironstone.  Here,  obsenea  Professor  Phil- 
lips, we  have  truly  a  coal-field  of  the  Oolitic  era,  produced 
by  the  intercalation  of  vast  quantities  of  sedimentary  detri- 
tus loaded  with  vegetable  matter,  brought  down  by  floods 


•  Encyclopaidia  Metropolitana,  art,  Qcalogy ;  Manual  of  Geolfj^^;. 
and  the  Geology  of  Yorkahire,  by  the  a  ime  etniriciiL  pi  Li  sopher.  St^ 
fliao  Geol.  Proceed*  for  June,  1857, 

t  Geol.  Traosact.  *ind  seriea,  vgL  iL  p»  293  and  3S3* 


{ 


§21. 


COAIrBEARINO  8TBATA  OP  THE  OOLITE. 


615 


fh>m  the  land,  between  the  more  exclusively  marine  strata 
of  the  ordinary  Oolitic  type.  The  fossil  plants  which  accom- 
pany the  coaly  sandstones  occur  also 
in  the  calcareous  beds,  both  on  the 
Yorkshire  coast  and  at  Brandsby.  No 
marine  exuviae  have  yet  been  found  in 
the  coal-grits  or  shales.    Along  the 
coast  under  G-risthorp  cliffs,  a  seam 
of  shale,  but  a  few  inches  in  thickness, 
may  be  traced  for  miles;  and,  from 
its  abounding  in  leaves  of  ferns  and 
equisetaceous  and  cycadaceous  plants, 
it  is  chiselled  out  by  collectors  to  ob- 
tain specimens;  for  the  beauty  and 
variety  of  these  fossils  render  them 
objects  of  great  interest.    Detached 
leaves   {Lign.   122)   in  a  carbonized 
state  are  very  abundant,  and  their 
venation  is  generally  well  preserved. 
Professor  Phillips  has  figured  several 
kinds  in  his  "  Gteology  of  Yorkshire : " 
and  numerous  species  are  described 
uoH.  1M.-PAM  OF  A  uuF  in   Liudlcy  and   Hutton's    "  British 
?uM;ftom^^I?8^Jro^h.  Fossil  Plora."  •  The  fruits  of  Zamia- 
like  plants  also  occur,  and  many  splen- 
did examples  are  preserved  in  the  British  Museum  t  and 
other  collections.      This  specimen  {Lign,  123)  shows  the 
usual  appearance  of  these  fossil  fruits ;  it  is  imbedded  in 
dark  ironstone-shale,  and  the  leaves  and  their  imprints  are 
covered  with  a  white  hydrate  of  alumina.  Some  of  the  fossils 
that  have  been  described  as  flowers  are  conjectured  to  be 
bodies  of  this  kind,  broken  transversely,  in  which  state  the 

*  See  also  Quart.  Geol.  Journ.  vol.  vii.  p.  179  ;  and  Medals  of  Crea- 
tion, voJ.  J.  p,  152, 
f  Petrifactions,  p,  55. 

2  L  2 


22,  CoLLTWESToK  TiLESToNXS. — Near  Stamford,  ia  Lio- 
colnehire,  the  lowermost  visible  strata  are  Lias-clays^  upon 
which  are  spread  the  femiginoua  beds  of  the  Inferior  Oolite; 
imd  above  are  beila  of  laminated  calcareous  stone,  lordly 
termed  the  "  ColJyweston  slates/'  from  being  qiiairied  in 
that  neighbourhood**    Thi^m  depoaita,  therefore,  appear  to 

*  See  Quart,  Jounu  GeoV  Sot. ^V, \3« ^.Z^^ 
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occupy  the  same  geological  position  as  the  Stouesfield  tile- 
stone  of  Oxfordshire  and  of  the  Cotteswold  hills,  and  con- 
tain similar  marine  shells.  They  are  associated  with  marly 
limestone.  The  fossils  are  shells  of  the  genera  Fteroceras] 
Nerinaa,  Lucina,  Modiola,  Trigonia,  &c.,  with  numerous  frag- 
ments of  the  leaves  of  ferns  (especially  of  Fecopteris  polypO' 
dioides),  and  of  cycadaceous  plants.  These  beds  have  been 
regarded  by  Captain  Ibbetson  and  Mr.  Morris  as  the  equi- 
valents of  the  carbonaceous  shales  of  Scarborough  and  Gris- 
thorp  Bay  ;  in  fiict,  as  the  seaward  extension  of  those  fluvio- 
marine  strata.  Those  of  Stonesfield  appear  to  have  been 
synchronous,  but  deposited  still  farther  from  land. 

23.  CoAL-BEABiNa  Oolite  or  Bboba. — Carbonaceous  flu- 
vio-marine  deposits  of  a  similar  character  to,  and  of  the  same 
Lower  Oolite  age  as,  those  above  described  occur  in  the 
north  of  Scotland.*  At  Brora,  on  the  south-east  coast  of 
Sutherlandshire,  intercalated  between  the  Middle  or  Oxfdrd- 
ian  Oolites  and  the  Lias,  there  is  a  series  of  deposits  consist- 
ing of,  1st,  shelly  limestones,  representing  the  Combrash  and 
Forest-marble ;  2.  sandstones,  shale,  and  ironstone,  with  re- 
mains of  land-plants  ;  3.  shelly  limestone  ^dth  fossil  wood ; 
4.  sandstone  and  shale  with  plant-remains,  and  containing 
towards  the  top  two  beds  of  coal.  In  the  neighbourhood  of 
Elgin  also,  and  on  the  north-east  coast  of  the  Isle  of  Skye, 
shales  and  sandstones  with  impressions  and  remains  of  simi- 
lar plants  are  met  with,  superimposed  on  the  Lias.f 

The  fossil  plants  are  for  the  most  part  of  the  same  type 
as  those  of  Yorkshire,  and  are  associated  with  fresh-water  or 
brackish  water  shells  of  the  genera  Cyclas  or  Oyrenay  Unto, 
and  Faludina.  Tellina  and  Fema  have  also  been  found ;  and 

*  For  a  general  view  of  the  geological  phenomena  of  Scotland,  the 
reader  is  referred  to  the  instructive  little  volume  by  Prof.  James  Nicol, 
entitled,  A  Guide  to  the  Geology  of  Scotland,  1844. 

f  Sir  R.  Murchison,  Geol.  Trans.  2  ser.  vol.   ii.  p..  293;  Mr.  Robert- 
son, Geo}.;  Proceed  ycil.  ir.  p.  173,  and  Geol.  Jo\mi.  \o\.  vCv.'^A\^\  ^^^ 
Prof.  E,  Forbes,  Geol  Joum.  vii.  p.  107. 
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Cyprida  (p.  419)  occur  in  profusion.  Scales  and  teeth  of  nu- 
merous small  ganoid  fishes,  of  genera  common  in  the  Oolite 
{HyhoduSj  LepidotuSf  and  Acrodtis),  abound  in  some  of  the 
layers  of  clay :  fragments  of  plates  and  bones  of  Chelonians 
are  among  the  few  reptilian  relics  hitherto  observed. 

These  coal-bearing  deposits  have  evidently  had  the  same 
origin  as  those  of  north-eastern  Yorkshire,  where  TJniones 
and  Cypridse  are  associated  with  Perns,  ZamisB,  Thuyites, 
and  other  terrestrial  plants.  Taken  as  a  whole,  the  fluvio- 
marine  intercalations  of  the  Oolite  must  be  regarded  as  local 
accumulations  of  the  spoils  of  the  land,  transported  inte  the 
sea  by  the  agency  of  rivers ;  the  presence  of  coal  depending 
on  the  streams  being  largely  charged  with  vegetable  re- 
mains ;  or  perhaps,  in  some  cases,  to  the  subsidence  and 
covering  up  of  swamps  and  lagoons  rich  with  vegetable 
growths.  They  belong  te  a  period  long  antecedent  te  the 
deposition  of  the  Wealden,  which  was  subsequent  to  the 
formation  of  the  upper  Oolites. 

24.  JuBAssic  Coal- MELD  or  Easteen  Vieginla. — One 
of  the  most  remarkable  features  in  the  geology  of  the  United 
States  of  North  America,  as  contrasted  with  that  of  Europe, 
consists  in  the  absence  of  deposits  yielding  Jurassic  fos^ 
such  as,  throughout  large  tracts  in  England  and  Europe,  re- 
present the  vast  interval  of  time  that  must  have  elapsed  be- 
tween the  close  of  the  Triassic  and  the  commencement  of 
the  Cretaceous  epoch.  Some  time  since,  it  was  suggested 
by  Professor  W.  B.  Eogers,  that  an  extensive  coal-field  in 
Eastern  Virginia*  belonged  to  the  Jurassic  period ;  and  Sir 
C.  Lyell  coincides  in  this  opinion.  This  coal-field  is  about 
twenty  miles  from  north  to  south,  and  from  four  te  twelve 
miles  in  breadth  from  east  to  west.     It  is  situated  in  a 

*  There  are  two  coal-fields  in  the  State  of  Virginia ;  the  remarks  in 
the  text  exclusively  refer  to  the  Eastern  coal-field, — that  near  Richmond ; 
the  coal-measures  in  Western  Virginia  belong  to  the  ancient  Carbonifer- 
ous system. 
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granitic  region,  and  the  lowermost  bed  of  coal  rests  upon 
granite.  Quartzose  grits,  sandstones,  and  shales  are  inter- 
calated with  the  coal,  as  in  the  carboniferous  system  of 
Europe.  Beds  of  rich  bituminous  coal,  one  being  in  some 
places  from  thirty  to  forty  feet  thick,  occur  in  the  lower 
division.* 

The  fossil  plants  resemble  those  of  the  Oolite  of  York- 
shire (JPecopteris  Whifbiensis,  Equisetum  columnare,  some 
species  of  Zamites,  Tteniopieris,  NeuropterU,  Ac.),  differing 
specifically,  and  most  of  them  generically,  from  those  of  the 
older  coal-formations.  From  the  upright  position  of  many 
of  the  Equiseta,  Sir  C.  Lyell  infers  that  the  vegetables 
which  produced  the  cgal  grew  on  the  spot  where  they  are 
now  found,  and  that  the  strata  were  formed  during  alternate 
subsidences  and  elevations  of  this  part  of  Virginia.  They 
contain  fossil  fishes  {Tetntgonolepis  and  Oafopterus^)  related 
to  European  Liassic  species;  and  numerous  CypridcB  and 
EstheruB,  the  latter  of  which,  under  the  name  of  Posido' 
nomffa,  are  characteristic  of  some  strata  of  the  European 
Trias.  Prof.  Eogers  finds  reasons  to  regard  this  coal-field 
of  Eastern  Virginia  as  belonging  to  the  same  series  of  de- 
posits as  the  red  sandstones  and  coaly  shales  of  Carolina  to 
the  South,  and  of  Maryland,  New  Jersey,  and  Connecticut, 
to  the  North.  These  beds  are  characterized  by  the  local 
occurrence  of  EstheruB  and  CypHda,  reptilian  bones,  and 
plant-remains ;  and  in  Connecticut,  by  numerous  impres- 
sions of  supposed  birds'  tracks.  They  have  been  variously 
referred  to  the  Trias  and  the  Permian  series ;  but  probably 
more  or  less  fully  represent  in  time,  as  extensive  land  and 

*  Plant-beds  and  coal  of  similar  characters  as  the  above  have  been 
found  near  the  Rocky  Mountains,  at  Raton  Mountain  and  Muddy 
Kiver. 

t  Sir  P.  Egerton's  genus  Dictyopyge  consists  of  some  of  Mr.  W.  G. 
Redfield'fl  Catopteri.  See  Siiliman's  Journal,  185^,  No\.  tlxCu  ^.  ^"X  > 
luid  GeoL  Soc,  Jouma.),  vol,  iiL  p.  275. 


520  THE  WONDERS  OF  GEOLOGY.  Lbct.  ^. 

fresh-water  formations,  the  Upper  Trias  and  Lower  Jurassic 
periods.* 

In  India  and  South  Africa,  and  probably  in  Australia, 
similarly  characterized  deposits,  possessing  both  Triassic 
and  Jurassic  elements,  are  recognized.f 

In  the  Chatham  coal-field  (North  Carolina),  of  this  age, 
Dr.  Emmons  X  has  discovered  some  lower  jaws  of  a  small 
species  of  mammal,  which  he  has  named  Dromatherium 
sylvestre.  They  much  resemble  some  of  the  little  marsu- 
pial jaws  from  Stonesfield  and  Purbeck.  Dr.  Emmons  has 
also  figured  and  described  §  a  fossil  sacrum  of  a  bird  from 
the  same  series  of  deposits, — referred  by  him  to  the  Per- 
mian age.  • 

25.  The  Lias. — The  lowermost  group  of  the  Oolitic  or 
Jurassic  system,  termed  the  Lias,  consists  of  stratified 
blue  and  grey  marls,  clays,  and  limestones,  amounting  in 
total  thickness  to  from  five  hundred  to  one  thousand  feet, 
and  abounding  in  many  peculiar  fossils.  The  principal 
lithological  features  are  the  uniform  aspect  and  distinctly 
stratified  character  of  the  limestones  and  intervening  argil- 
laceous layers;  the  most  constant  subdivisions  are  those 
mentioned  in  the  table,  ||  p.  490. 

♦  The  Wealden  may  in  like  manner  be  said  to  be  the  equivalent  of 
the  Upper  Jurassic  and  Lower  Cretaceous  series. 

t  See  Mr.  T.  R.  Jones's  remarks  on  this  subject  in  the  Geol.  Soc. 
Joum.,  vol.  xii.  p.  376. 

X  American  Geology,  part  vi.  p.  93,  1857. 

§  Ibid.  p.  148. 

5  In  1856  Dr.  T.  Wright,  of  Cheltenham,  published  in  the  Quarterly 
Journal  of  the  Geological  Society  a  paper,  to  show  that  the  sands 
usually  referred  to  the  Inferior  Oolite  in  the  West  of  England  .  contain, 
fossils  of  the  Liassic  type,  and  should  be  classified  as  with  Lias,  and  not 
with  the  Lower  Oolite.  Although  Mr.  Hull,  of  the  Geological  Survey^ 
has  accepted  Dr.  Wright's  views,  and  carried  them  out  in  his  description 
of  the  geology  of  the  country  around  Cheltenham  (Memoirs  Geol- 
Survey,  1856),  yet  there  are  too  many  dissentients  to  these  views 
amongst  experienced  geologists,  and  too  many  openings  for  criticism  in 
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It  may  be  stated  in  generel  termB,  that  the  Lias  of  Eog- 
Ismd  extends  along  tbe  weHtem  escarpment  of  the  Oolite, 
from  Yorkshire  to  the  Dorsetshire  coaat,  forming  a  (lis trie t 
which  presents  an  exceedingly  variable  surface,  occasioned 
Ij  tbe  disruption  aiid  Bubsequetit  denudations  whieh  the 
Btrnta  have  undergone, 

Tbe  Lias  J*  from  its  northernmost  limits  on  the  Yorkshire 
eoaat^  where  it  underiiea  the  strata  of  the  Eaateru  Moor- 
iandSjt  passes  to  the  Bouth  of  Whitby  and  to  the  east  of 
Yorkj  and  crosses  the  H umber  near  tbe  junction  of  the 
Trent  and  Otise ;  stretching  onward  beneath  the  low  Oolitic 
Ta^ge  of  Lineolnahire,  it  extends  to  the  Wold  hills,  on  the 
borders  of  Nottingham  and  Lincoln,  to  Barrow-upon-Soar ; 
Tffhenee  it  continues,  accompanying  the  escarpment  of  the 
Inferior  and  Great  Oolite,  through  Nottingham,  Warwick, 
*^d  Grloucester.     Its  whole  conrse,  to  within  a  few  miles 
*outh  of  G-loucester,  is  remarkably  regular,  presenting  an 
*^€rage  breadth  of  about  six  miles,  bounded  on  the  south- 
west by  the  Oolite,  and  on  the  north-west  by  the  Eed  Marl, 
^'liich  will  hereafter  be  described.     Beyond  Gloucester,  its 
^nge  becomes  intricate ;  its  eastern  limit  aecom])anies  the 
^olite  tkrougb  Somersetshire   to  Lyme  Begis;    but  the 
^^cstem  is  very  irregular,  feathering  in  and  out  among  the 
^^al-fields  which  occur  towards  the  estuary  of  the  SeTem 
^^id  the  npper  part  of  the  Bristol  Channel,  Oloncestershire, 
Somerset  shire  J  Monmouthshire,   and  Glamorganshire,  and 
Attended  with  numerous  outlying  or  detached  masses.    To 
**^nder  the  course  and  position  of  the  Lias  in  this  part  of 
^^n gland  intelligible,  it  is  necessary  to  state,  that  this  dis- 

^t>r.  Wright's  arguments,  to  allow  of  our  altering  the  present  ctaesifica- 
t'lon  of  thcae  b&dis,  which,  though  possibly  pasasge-heds,  atid  partakinff 
^:^f  the  characters  of  the  two  seri^,  have  too  much  in  common  with  the 
Oolite  to  bo  separated  from  it* 

*  Oatlinefl  of  the  Geology  of  England  and  Wales,  p,  2GI. 
+  In  the  Lias  of  the  Eftke  Valley  there  are  two  great  htds  of  icoa- 
5%tone,  whicb  are  extensively  worked. 
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trict  18  occupied  by  three  great  basins  of  the  coal-fermation, 
endrded  bj  the  underlying  Mountain-limestone  and  De- 


1.  M<miitaia-liaiMtoBe,OTeri7iB«  DeTtmiaa  rocks.  1.  If  mrtoae-grit,  mdertytag  tkecotd-Ui^ 

S.  Tliutic  aad  Permfaui  strata.    4.  Liss.    5.  laCnrior  Oolite.    C  Great  Ooliu- 

7.  Oxford  claj. 

(Tir^m  tk*  Otolon  t/Mmflmmd  mmd  Wmln.J* 

vonian  sandstones ;  one  of  these  basins  is  shown  in  the  an- 
nexed section. 

The  edges  of  these  basins  consist  of  strata  thrown  up  at 
a  high  angle,  and  often  nearly  vertical,  forming  bold  and 
precipitous  ranges  of  hills  ;  in  the  valleys,  horizontal 
layers  of  Lias,  with  subjacent  beds  of  red-marl  (^Lign.  124), 
are  seen  lying  unconformably  upon  the  highly  inclined  coal- 
measures.  I  shall  recur  to  this  subject  hereafter,  and  now 
only  observe,  that  the  Lias  appears  beneath  the  Oolite 
through  the  south-east  of  Somersetshire,  and  passes  into 
Dorsetshire,  where  the  overlying  Greensand  conceals  it  be- 
neath the  high  range  of  the  Black  Down  Hills. 

At  Lyme  Begis  it  forms  a  range  of  cliffs,  about  four  miles 
in  length,  and  may  be  traced  until  it  gradually  sinks  be- 
neath the  Inferior  Oolite  of  Bridport.  The  skeletons  of 
large  marine  reptiles  {Ichthyosauri  and  Fleswgaurt)^  for 
which  the  Lias  is  celebrated,  have  principally  been  found  in 
the  cliffs  at  Lyme,  Watchett,  Westbury,  and  Whitby,  where 
the  natural  sections,  formed  by  the  action  of  the  waves,  well 

*  The  inclination  of  the  strata  is  very  mnch  exaggerated  in  this  dia- 
gnm.  Id  consequence  of  the  diffeienoe  m  lYie  VotvlotlXxX  «sA  ^«t^<»i 
mcmlee,  BeeeesMrily  adopted  to  comprlae  Oie  aecxloum  «.  vcmXL  v^ax^. 
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lisplay  the  characters  of  the  strata,  and  afford  abundance  of 
fossil  remains.  The  Lias  appears  in  the  Western  Isles  of 
Scotland,  and  on  the  north-east  coast  of  Ireland.  The 
[Jpper  Lias  comprises  a  thin  band  of  limestone,  rich  with 
remains  of  insects  and  fish,  which  has  been  traced  from 
Somersetshire  and  Gloucestershire  into  Northamptonshire 
uid  Lincolnshire.* 

In  the  north  and  south-east  of  France,  and  over  a  large 
urea  in  Germany,  the  Lias,  with  its  peculiar  fossils,  accom- 
panies the  Oolite.  One  species  of  Gryphite  {Chyphaa  in- 
curva,  Lign,  IVJ^Jig,  6),  which  is  so  abundant  in  the  Liassic 
strata  of  England,  on  the  Continent  forms  a  limestone  {Cal- 
caire  a  gryphites),  which,  like  the  Sussex-marble  and  many 
other  such  rocks,  is  composed  of  shells  cemented  together 
by  a  calcareous  paste.  In  Wirtemberg  the  Lias  presents  the 
usual  characters  of  that  of  England,  and  contains  remains  of 
Ichthyosaurs  and  other  reptiles.f 

In  the  yalley  of  the  Arve,  in  Switzerland,  the  Lias-clays 
are  of  great  thickness,  and,  owing  to  the  ancient  effects  of 
igneous  or  metamorphic  agency  everywhere  apparent  in  the 
Alps,  have  a  schistose  character,  strongly  assimilating  them 
to  the  primary  slates. 

In  Bussia  oolitic  deposits  cover  detached  districts,  from 
the  Icy  Sea  to  the  Caucasus  in  the  south ;  and  in  Bussia 
Proper  there  are  shales  and  sands  referable  to  the  Middle 
or  Oxford  Oolite ;  a  characteristic  species  of  ammonite  {A. 
hiplex)  of  the  Portland-rock  has  been  found  both  in  Eussia 
and  Poland.  In  the  Himalayas  and  Central  India  argil- 
laceous beds  occur  which  contain  fossils,  which  have  been 
regarded  as  analogous  to  those  of  the  Lias  of  Europe. 

Bone-bed,  —  At  the  base  of  the  Lias,  and  separating  the 

*  By  Messn.  G.  Moore,  Binfield^  Morris,  and  Brodie :  Medals,  vol.  ii. 
p.  549.    Annals  N.  H.  2  ser.  vol.  xiz.  p.  56. 

t  Sec  Dr.  Jaeger's  vork,C7eberdie  fossilen  Bept\l\et\|^^\<^%  m"^  vvt- 
temberg  aufgefunden  wordeu  sind,   Stuttgard,  1828. 
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lower  shales  and  limestones  from  the  uppermost  Triassic 
bed  beneath,  there  is  a  layer  of  coarse  detritus,  a  few  inches 
thick,  commonly  known  as  the  Lias  Bone-bed*  from  the 


LiQx.  125.— Bestoked  nouBx  or  the  DAPEuirs  OP  THE  Lias. 

(0n9-9i*th  tht  natural  tn»     By  M.  Agaui%.) 

immense  quantities  of  water-worn  bones,  teeth,  and  copro- 
lites  of  fishes,  which  it  contains.  It  is,  in  fact,  an  aggrega- 
tion of  mud,  sand,  and  the  debris  of  fishes  and  reptiled. 
Teeth  of  fishes  of  the  genus  Ceratodm  (Med.  Great,  p.  587), 
are  very  frequent  in  this  bed.  Aust  Cliff",  on  the  Severn, 
near  Westbury,  in  Somersetshire,  is  a  well-known  locality 
for  the  fossils  of  this  remarkable  deposit.  By  some  geolo-  . 
gists  this  bone-bed  is  included  in  the  Trias,  and  by  others 
in  the  Lias.  A  similar  stratum  occupies  the  same  geologi- 
cal position  in  Germany,  and  contains  organic  remains. of  a 
like  natiu*e. 

♦  Another  ** bone-bed"  occurs  in  the  Upper  Ludlow  series  (GreoL 

Joum.  vol.  xi.  p.  8) ;   and  fish-remains  are  almost  as  abundant  in  a 

portion  of  the  Mountain-limestone  (at  Clifton  and  Armagh),  and  in  the 

luferior  Ooliio  at  Leckhampton  Hill.     (.'See  Q,xibx\..  Cs^oV.  JQ^mik  voU  tU. 

-  9/ij 
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Considerable  interest  is  attached  to. the  exact  determina- 
tion of  the  extent  of  this  "bone-bed,"  and  its  associated 
strata,  from  England  to  the  Eastern  Alps.  In  the  west  it 
appears  to  have  been  a  comparatively  shidlow-water  deposit ; 
but  towards  the  east  it  is  imbedded  in  other  fossiliferous 
strata  that  were  evidently  deposited  in  a  deeper  sea..  These 
shelly  beds  form  part  of  the  series  termed  "  Koessen-strata" 
by  the  Austrian  geologists,  and  without  doubt  belong  to  the 
Upper  Trias.  A  bone-bed,  similar  to  that  underlying  .the 
English  Lias,  occurs  near  Stuttgard,*  and  certain  sandstone 
strata  there  accompanying  it  are,  according  to  Messrs.  Oppel 
and  Suess,  the  littoral  equivalents  of  the  marine  "  Koessen- 
strata,"  so  well  developed  in  the  Eastern  Alps,  and  charac- 
terized to  the  eastward  of  Vienna,  in  the  Austrian  Salinar 
district,  and  even  partly  in  the  Alps  of  Tyrol  and  B^ivaria, 
by  numerous  remains  of  marine  animals,  especially  of  Bra- 
chiopods  and  Oysters.  In  the  Yorarlberg,  these  forms  begin 
to  disappear,  giving  place  to  Pecten  Yaloniensis,  Cardium 
B/haeticum,  Card.  Austriacum,  and  other  pectinibranchiates, 
indicative  of  a  diminution  of  the  depth  of  the  old  sea  there. 
Beyond  the  overlying  strata  of  more  recent  d^te,  and  along 
the  shores  of  that  primaeval  sea,  these  deposits  have  assumed 
quite  a  littoral  character  ;  Oysters  and  Brachiopods  having 
totally  disappeared,  and  the  pectinibranchiate  molluscs, 
such  as  occur  in  these  beds  in  the  Yorarlberg,  and  some 
new  species,  being  predominant  in  the  fossil  fauna.  Hence 
it  is  concluded  that  the  "  Koessen-beds  "  are  contemporane- 
ous with  the  ossiferous  strata  or  bone-beds,  the  existence  of 
which  may  be  traced  for  a  great  distance,  from  the  South- 
west of  Germany  to  Prance  and  England. 

*  The  Stuttgard  "bone-bed"  is  famous  for  having  yielded  some 
minute  teeth  of  a  Mammalian  animal  (Lyell's  Manual  of  Geology,  1855, 
p.  343,  and  Supplement,.  1857).  •  This  will  be  noticed  in  the  chapter  on 
the  Trias,  the  Stvttgard  deposits  having  been  xefeTtB^  \ft  ^^N.  Iotdcl- 
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26.  Oboavto  Bbmahts  of  thb  Jusabsio  Ststsic.^ 
The  fossils  discoTered  in  the  Oolitic  and  Liassic  strata 
amount  to  many  hundred  species  *  and  it  is  impossible  in  a 
work  of  this  nature  to  give  but  the  briefest  summary  of 
these  organic  remains ;  it  must  suffice  to  offer  a  few  general 
remarks  on  the  nature  of  the  fauna  and  flora  of  the  sea 
and  land  during  the  vast  period  of  time  which  the  accumu- 
lation of  sediments  of  such  extent  and  thickness  must  hafe 
required. 

Vegetable  remains. — Some  species  of  fucoidal  plants  and 
upwards  of  a  hundred  species  of  terrestrial  vegetables  have 
been  determined  from  the  Jurassic  rocks  of  Britain.  The 
latter  consist  of  ferns,  cycadaceous  plants,  and  couiferoiu 
trees ;  constituting  a  flora  analogous  to  that  which  now  pre- 
vails in  the  maritime  districts  of  the  West  ludies,  New 
Holland,  and  the  Cape  of  Good  Hope,  <&c.  A  large  species 
of  plant  allied  to  the  recent  Marestail  {IJquisetitei  column 
naris)  is  abundant  in  the  coal-bearing  Oolite ;  and  in  York- 
shire so  many  of  these  plants  occur  in  an  erect  position  that 
it  is  supposed  they  must  have  grown  on  the  spots  they  now 
occupy :  we  shall  recur  to  this  fact  hereafter. 

One  of  the  most  remarkable  fossil  vegetables  discovered 
in  this  formation  in  England  is  the  fruit  of  a  tree  {Podo* 
earya  Bucklandi,  linger)  allied  to  the  Pandanus  or  Screw- 
pine,  from  the  lower  Oolite  of  Charmouth  in  Dorsetshire.! 

Fragments  of  trunks  of  coniferous  trees  of  the  Araucaiian 
type  are  found  throughout  the  Jurassic  formation ;  and,  as 
we  have  already  stated,  the  last  bed  of  the  Oolite,  when 

*  The  student  U  referred  to  Prof.  Phillips*  tables  of  fossils  in  the  Ency- 
clopaedia Metrop.,  art.  Geology^  to  Sir  H.  De  la  Beche*s  Manual  of  Geo- 
logy, and  to  Mr.  Morris's  British  Fossils,  for  lists  of  the  fossils  found  in 
the  British  Oolite  and  Lias ;  and  to  the  beautiful  work  on  the  organic 
remains  of  the  "  Terrains  Jurcuaiqitet,**  by  M.  D*Orbigny.  See  also 
Medals  of  Creation. 

t  Dr.  Buckland's  Bridgwater  Treatise,  vol,  ii.  pi.  63. 
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elevated  above  the  waters,  was  clothed  with  pine-forests 
(vol.  i.  400). 

The  quantity  of  drift-wood  in  a  (»rbonized  state',  but  not 
converted  into  coal,  is  very  considerable  in  the  argillaceous 
strata.  In  the  Oxford-clay,  at  Trowbridge,*  masses  of  wood 
occur  in  abundance ;  oysters,  terebratul»,  and  other  shells 
are  often  adherent  to  the  fragments  of  trunks  and  branches 
of  trees,  which  have  evidently  been  drifted  from  a  distance 
into  the  bed  of  the  sea.  Much  of  this  wood  is  soft  and 
flexible  when  first  exposed,  and,  when  dry,  burns  with  a 
bright  flame.  In  the  Lias  of  Whitby,  Lyme  Eegis,  and 
other  localities,  the  wood  is  often  calcareous,  and  admits 
of  a  fine  polish  :  occasionally  siliciiied  masses  are  met 
with.t 

27.  ZooPHYTA  AND  Badiabia. — Of  corals  and  moss-corals 
numerous  Jurassic  species  abound.  The  reefs  of  coral  con- 
stituting the  Coral-rag  have  already  been  alluded  to.  In 
some  parts  of  Germany  coralline.  Oolites  are  largely  de- 
veloped, and  all  the  corals  are  silicified  in  certain  localities  ; 
this  is  especially  the  case  between  Nattheim  and  Heiden- 
heim4  whence  exquisite  specimens  of  Astnsa^  Lithodendron, 
&c.  have  been  obtained. 

In  the  beds  of  chert  in  the  Oolite  of  Tisbury  in  Wilts, 
shells  and  corals  are  found  in  a  beautifully  silicified  state, 
particularly  a  species  of  Isastraa  (J.  Tishuriensis),  Large 
silicified  masses  of  this  coral  are  met  with,  which,  on  being 
cut  and  polished,  display  the  intimate  structure  of  the  ori- 
ginal, and  form  an  ornamental  material  for  the  jewellers  and 
lapidaries.  A  matchless  specimen  of  the  soft  parts  of  a 
Trigonia,  transmuted  into  silex,  was  obtained  from  Tisbury 
by  the  late  Miss  E.  Benett,  and  is  now,  with  the  greater 

•  See  above,  p.  500. 

f  Beautiful  specimens  of  the  fossil  wood  and  plants  from  the  Lias  and 
Oolite  are  exhibited  in  the  British  Museum.    Petrifact  Chap.  I. 
X  Geol.  Soc  Joum.  yoI.  vii.  part  2,  p.  71. 
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part  of  the  collection  of  that  lady,  in  the  possession  of  Mr. 
Wilson  of  Philadelphia.* 

The  Crinoidea,  or  lily-shaped  animals,  are  also  abundant, 
and  are  often  found  in  an  admirable  state  of  perfection. 
Whole  slabs  of  many  of  the  Lias-shales  are  coTered  with 
Pentacrinites,  frosted  with  brilliant  pyrites,  and  lying  in  re- 
lief on  the  stone,  as  if  spread  out  on  the  sea-sand.f 

Of  the  Echinoidea  upwards  of  seventy  species,  and  of 
Star-fishes  nearly  twenty  genera,  comprising  many  species, 
have  been  determined  from  the  British  Oolites.^  Some 
splendid  Star-fishes  from  the  Yorkshire  Oolite  and  lias  are 

figured  in  Charlesworth's 
London  Geological  Joiu> 
nal,  pi.  17  (Astropecten 
arenicola),  and  pi.  19,  20 
{Ophiodermata), 

28.  MoLLUscA. — The 
shells,  both  of  testaceous 
and  conchiferous  mol- 
luscs, amoimt  to  many 
hundred  species.  Of  the 
Cephalopoda^  as  NautiU, 
Ammonites,  Belemnites, 
&c.,  several  hundred  spe- 
cies, belonging  to  numer- 
ous genera,  have  been  figured  and  described.  § 

The  state  of  perfection  in  which  the  animals  allied  to  the 
Cuttle-fish  occur  in  the  Lias,  and  also  in  the  clays  of  the 

*  Figures  and  a  description  of  this  extraordinary  British  fossil  hare 
been  given  by  Mr.  Charlesworth  in  the  London  Geological  Journal. 

t  See  Petrifactions,  &c.,  p.  88. 

X  Dr.  Wright's  Monograph,  published  by  the  Palaeontographical  So- 
ciety, 1856,  furnishes  a  careful  and  lucid  history  of  the  Jurassic  Echino- 
derms  of  Britain. 

§  See  Sowerby's  Mineral  Conchology,  and  the  works  before  referred 
to. 


Lion.  126.— ammo  nittr  commtnis; 
from  tht  Lias  of  Whitby. 
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Oolite,  eepecmllj  ia  the  Oiford-claj  of  Wiltshire,*  is  mmi 

I  eitraordioary.  The  soft  part  of  the  body  and  armjp»  the  Qn\h 
L  sulu  of  the  globe  of  the  eje,  and  the  ink-bag  at  ill  nH^uning 
^n^  inspissated  secretion,  are  often  found  in  their  tisitunil  inm- 
Wmiou^  and  tlistioetly  recognisiible.  This  state  iiidiciit e»  a  i  ii p  id 
imbedding  of  the  aniniak  while  in  their  natural  eleinenttt 

29.  Ceustacbans  and  Iij sects,— Numerous  genera  of 
Crustaceans  and  Inaects  have  been  coUeeted  froni  the 
Jurassic  deposits:  the  museum  of  the  late  Uouut  Miinnier 
was  celebrated  throughout  Enroiw  for  the  magnificent  aeriea 
of  remains  of  this  kind  which  it  contained. 

Species  allied  to  the  Shrimps,  PrawnQ,  Lobsters,  and 
Crabs  have  been  found  in  great  perfection  at  fc^olenliofunp 
Pappenhetm,  &g.;  an  extinct  form  {Eryun  CunhriX)i  uikI 
momeLunuli,^  occur  in  an  exceedingly  perfect  state ;  and 
small  bi valve d  Entoniostraca  ore  not  rare  in  sotno  bt^lii 
though  as  yet  they  are  nndescribed. 

A  fine  fossil  Dragon-fly,  from  Solenbotx^n^  in  tho  cabinet 
j  of  the  Marquess  of  Northampton,  is  figured  in  MedaJi  oi 
Creation  (vol  ii.  p,  551)*  In  England,  the  Coal-meni*urei,  Li  an, 
Stonesfield-slate,  Forest- marble,  and  Wcalden  have  yieldi^d 
fossil  inBeetj*  Among  the  specimens  found  in  the  LUm,  h  Ji 
wing  of  a  Tery  large  Dragon-fly ^  which  closely  renembies  the 
^  recent  species  in  the  general  arrangement  of  the  nervu  n%  and 
appears  not  to  be  separable  from  the  genus  .MMkna  {Li^n* 
127).  In  this  fossil  an  opaciue  spot  (a)  existapon  the  luiterior 
margin  of  the  WLEig,  as  in  most  of  the  living  Lihellulidifj. 

Mr.  Brodle  lia4  figured  and  described  numeroun  fo^jiil 
inaeeta  from  the  Oolite  aad  JAm  of  EngUndfl  comprimng 

*  See  die  hoadim  GeologicaJ  and  Pa!jeonUi]<^cal  Jcrurimh  Sn,  2, 
FL  XT.  XITI^  for  fifures  o(  iotac  temukMbls  ipectnien*  iii  Uus  Ul«  M  r* 
OiAimtDf  ¥emrem'%  cMbfuei. 

t  See  Dr.  Buckknil**  Brid?wft£er  TreaXmt,  ht  cx^tikilff  fiforii  oi  Ijit 
ffhetk  sad  »ft  puts  of  CrpbaloptMf ft. 

t  M£<Lil«,  n,  |>.  5m  I  f  t^i4>  p.  hn 

I  Hsroi7  «f  FoMtl  IjBiei^  riMS).  p.  :d%   In  tlm  ntnV  «<&  \m  W«iii^ 
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Coleoptera,  Neuroptera,  Hemiptera,  and  Homoptera.  The 
wings  of  insects  allied  to  the  recent  genus  Panorpa  have 
been  found  in  the  Lias  of  Wainlode  Cliff,  on  the  banks  of 
the  Severn.* 


Lion.  127.— Fossh  Wino  op  a  bfkcies  of  Dbaoon-flt;  fbox  thb  Lias  of  BiBi-oin, 

Warwickshire.    (iTmt.  $iz*.j 

ei,  Bpot  on  the  margin  of  the  wingr- 

f.X$hna  Liauina,  of  Mr.  Stricktand  t^ 

The  several  hundred  specimens  of  fossil  insects  that  have 
been  discovered  in  the  Lias  belong  nearly  all  to  forms  that 
inhabit  temperate  climates,  and  present  a  remarkable  affinity 
to  existing  families ;  so  that  in  one  instance  only  has  Mr. 
"Westwood,  tho  distinguished  entomologist,  ventured  to  pro- 
pose a  new  generic  nam  J  The  same  fact  of  the  close  re- 
lationship of  the  fossil  to  the  recent  types  of  Insecta  holds 
good,  with  but  one  or  two  exceptions,  in  the  case  of  the 
insects  from  the  Purbeck  beds. 

30.  Fishes. — All  the  Fishes  of  the  Oolite  are  referable  to 
extinct  genera,*  and  essentially  differ,  as  a  whole,  from  those 

an  account  of  the  localities  in  which  insect-remains  had  been  at  that 
time  discovered  in  the  secondary  rocks  of  England.  See  also  Dr.  Buck- 
laud's  Bridg.  Treatise ;  and  Medals  of  Creation,  vol.  ii.  p.  547,  &c. 

•  See  Medals  of  Creation,  vol.  ii.  p.  553. 

t  Mag.  Nat.  Hist.  vol.  iv.  p.  301.  Sec  Nova  Acta  Car.  Lcop.  Acad, 
vol.  xix.  part  1,  for  Gcrmar's  fossil  Insects  from  Solenhofen. 

X  Mr.  Strickland,  on  the  results  of  recent  researches  into  the  fossil 
insects  of  the  secondary  formations  of  Britain :  Brit.  Assoc.  Reports  for 
1845,  p.  58. 
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of  the  cretaceous  e^ocb.  Teeth,  scales,  dorsal  spines,  and 
otber  remains  of  IfybodtiSj  Acrodu^^  A&teracaftthus,  Qanodu9^ 
Euf;n3thj(^^  Fachycormm,  F^cnodus,  jEchnwdus,  Lepidotm^ 
and  Fholidophorus  are  (ibuntknt  in  some  of  the  strata.* 

Among:  tbe  Ichtbyolitea  that  prevail  in  the  Lias,  tlie 
scales  and  teeth  of  a  genns  of  Granoids  called  Bapedim 
are  especially  abundant,  and  entire  specimens  of  the  fi^h 
are  often  met  with,  I  am  led  to  notice  this  genus  more 
particularly,  that  your  attention  may  be  directed  to  a  re- 
markable modification  of  structure  observable  in  the  Icli- 
thjolitea  of  the  more  ancient  deposits,  which  will  here- 
after come  under  our  examination.  The  Bapedius  belongs 
to  that  division  of  the  Lepidoid^  which  are  hmnocerml  (equal - 
tailed)  or  nearly  so  ;t  while  all  the  genera  from  the  p^ilao- 
i&oic  strata  are  heterocercal,  or  having  tails  with  xmequal 
lobes 4  But  few  of  the  existing  genera  of  fishes  have  this 
latter  condition  of  the  caydal  fin,  while  it  is  found  in  almost 
every  fossil  species  below  the  Triassic  deposits. § 

31,  Heptiles  of  the  .Ttjeassic  system.™  Tlie  preva- 
lence of  animals  of  the  reptilian  class  during  the  Oolitic  era  ^ 
was  incidentally  alhided  to  in  the  course  of  our  previous  ^M 
observations  on  tbe  organic  contents  of  the  different  mem- 
bers of  this  eitenslve  formation.  From  the  lowermost 
stratum,  the  Bone-bed  of  the  Lias,  to  the  uppermost  layer 
of  the  Portland- stone,  the  remains  of  extinct  reptiles  have 

*  See  M(»dals  of  Creation,  voK  ii.  chap,  xrv,  xv. ;  and  Petrifiic lions 
imd  iheir  Teachings,  chap,  y, 

t  It  IS  diiEcuR  to  determine  "wliether  some  oF  the  Triassic  And  Lia^c 
Lepidoid  ftshos  ftre  really  homocercal  or  not.  Quart.  Journ.  Geol.  Soc, 
Tol.  X.  p.  3liS. 

%  See  Medals  of  Creation,  p*  575;    Petri  fact  ionSj  p.  421. 

5  It  ii  wottliy  of  remark,  that  in  the  embryotic  state  most  fishes  are 
heterocercal ;  and  those  species  which,  Tvhen  arrived  at  matuHly,  have  the 
^qiiany-Iohed  tail  allain  this  homocercal  rype  iti  the  progress  of  their 
development.  For  remarks  on  ihe  heteroce reality  of  the  Salmonidis,  &c*, 
F(?e  Mt,  Huxley's  ohsetvations  in  th&  '*  Notices  of  the  Royal  Instlt/* 
1&&5,  p.  84. 
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been  found  more  or  less  abundantly  in  every  deposit.  About 
forty  species,  belonging  to  several  genera,  have  been  deter- 
mined as  occurring  in  the  Jurassic  strata  of  the  Brilish 
Islands.  These  have  been  carefully  investigated  and  de« 
scribed  by  Professor  Owen,  in  the  Beports  of  the  British 
Association  for  1840  and  1841,  and  in  the  Monographs  on 
Fossil  British  Eeptiles  published  by  the  FalsBixitographicfll 
Society.  Cuvier,  Gfervais,  Hermann  von  Meyer,  Jaeger, 
Burmeister,  and  Theodori  are  amongst  the  continental 
naturalists  who  have  studied  the  fossil  reptiles.*  As  I  shall 
have  occasion  to  recur  to  this  subject  in  the  sequel,  it  will 
be  sufficient  in  this  place  briefly  to  enumerate  the  principal 
kinds  hitherto  discovered  in  the  Oolite  and  Lias. 

In  addition  to  the  reptiles  of  whidi  remains  have  been 
found  in  the  Chalk  and  Wealden,  namely,  the  Megalosau- 
rus  (p.  435),  Poecilopleuron  (p.  482),  Cetiosaurus  (p.  427), 
Streptospondylus,  Pterodactylus,  Ichthyosaurus,  Plesiosau- 
rus, — and  of  some  of  these,  especially  of  the  two  last-named 
genera,  numerous  species  abound  in  the  Lias  i£nd  Oolite, — 
several  other  Crocodilian  reptiles,  with  peculiar  osteological 
modifications,  also  occur.  These  are  the  Teleosaurua,  Ste- 
neosaurus,f  &c.,  which  are  characterized  by  their  long  narrow 
muzzles,  sharp-pointed  teeth,  short  fore-legs,  imbricated 
scales,  and  doubly  concave  or  flat-faced  vertebrsB :  their  relics 
are  chiefly  found  in  the  Lower  Oolite  and  Lias. 

The  most  remarkable  circumstance  relating  to  the  Ich- 
thyosaiui  and  Plesiosauri  that  swarm  in  the  Lias  is  the  con- 
nected state  in  which  all  the  bones  of  the  skeleton  occur. 
The  entire  osseous  frame-work,  from  the  extremity  of  the 
snout  to  the  last  vertebra  of  the  tail,  often  remains  entire, 

*  See  Pictet*8  Pal^ontologie,  2nd  Edit.  vol.  ii.,  for  a  rSsumS  of  our 
knowledge  of  fossil  reptiles. 

t  See  Medals  of  Creation,  vol.  ii.  p.  679.  These  gavial-like  reptiles 
are  represented  amongst  the  other  e;Ktinct  animals  by  life-like  models  in 
the  Crystal  Palace  Gardens. 
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r  but  very  little  diaplaeed  from  ite  natural  position ;  even 
tlie  bones  of  the  paddles,  with  their  cartilaginous  append-  - 
ftgas,  are  in  lome  inetanceB  preserved.*  The  indigestihle 
portion  of  the  food  of  these  earnivoroiiB  marine  reptile  a  (as 
the  icalea,  teeth,  and  bonea  of  tishea),  and  their  coproliteSj 
are  frequently  met  with  in  the  abdominal  cavity.f  These 
facta  show  that  the  careasses  of  these  animals  were  imbed- 
ded in  the  Hoft  mud  at  the  bottom  of  the  sea,  without  hav- 
ing been  exposed  to  the  action  of  the  billows,  or  to  long 
trajasport  by  HverH  or  currents.  The  Wealden  fbesils  pre- 
sent a  striking  contrast  in  thia  reapect  j  for,  although  bonea 
of  PlesioBanri  are  by  no  meana  nncommoe  in  that  formation^ 
they  are  isolated  and  generally  water-worn,  1 

In  the  Kimme ridge  Clay,  the  relics  of  a  very  large  marine 
eanrianr  allied  to  the  Plesioaaurs,  but  distinguished  by  cer- 
tain osteological  characters,  have  been  met  with  :  this  ex- 
tinct reptile  is  named  PliosaurnH,  Bones  of  Flying-Saurian  a, 
or  Pterodactylea,  occur  more  abundantly  in  the  Oolite  and 
Lias  than  in  any  other  seriea  of  deposits  ;  more  than  twelve 
species  have  been  found  in  the  Solenhofen  and  other  Bava- 
rian quarriea.  In  the  Stonesfield-alate  the  bones  of  one 
speeies  {Pterodactyl us  Bucklandi),  and  in  the  Lias  of  Lyme 
Begis,  a  eonsiderahle  part  of  the  skeleton  of  another  (P.  wo- 
erontfjr)^  have  been  discovered.  The  Mammalia  of  Stonea- 
field  have  already  been  noticed  (p.  508).  j 

The  general  character  of  the  Jurassic  or  Oolitic  formation, 
as  derived  from  its  organic  remains,  ia  therefore  that  of  a 
seriea  of  oceanic  deposits,  accumulated  in  a  depression  of 
great  extent,  through  a  period  of  immense  duration.  The 
sea  teemed  with  marine  invertebrate  animals,  belonging  to 
genera  and  species  most  of  %vhic  h  became  extinct  before  the 

•  S#o  Med&U  of  Creation ^  vol,  ii.  p.  GG9. 

t  Consult  Dt*  BiKkknd'a  Bridgwater  Treatiiei  p*  IBS;  and  GeoL 
TruB.  2  ser.  voJ,  ul  p,  223.  ■ 
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Tertiary  epoch ;  and  with  these  were  associated  multitudes 
of  peculiar  Fishes  and  Eeptiles.  The  dry  land,  as  attested 
by  the  remains  drifted  into  the  basin  of  the  sea,  was  inhabit- 
ed by  a  few  reptiles  and  marsupial  mammals,  and  was 
clothed  with  tree-rfems,  cycadeous  plants,  and  coniferous 
trees ;  and  insects,  pterodactyles,  and  possibly  birds,*  flew 
above  its  surface. 

*  The  ReT.  Mr.  Dennis's  microscopical  evidences  (Microscop.  Journ. 
Tol.  V.  p.  63)  only  require  further  patient  investigations  to  substantiate 
the  fact  of  the  existence  of  Birds'  remains  in  the  Stonesfleld  slate.  The 
same  observant  naturalist  has  brought  forward  very  probable  evidences 
of  the  mammalian  character  of  some  bones  from  the  "  Lias  Bone-bed  " 
of  Lyme  Regis  {ibid.  vol.  iv.  p.  261). 
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PAKT  II. — THE   TEIAS  AXD   PERMIAN   FOEMATIOKS. 

The  Trias  and  Permian  Formations.  2.  Geographical  Distribution  of  the  Trias  and 
Permian.  3.  Bock-Salt  and  Brine-Spriugs.  4.  Origin  of  Boclt>Salt  and  Gypsum.  5. 
The  Cheltenliam  Waters.  6.  Conglomerates  of  the  Trias.  7.  Organic  remains  of  the 
Trias.  8.  Crustacea,  Mollusca,  and  Crinoidea.  9.  Fishes  of  the  Trias.  10.  BepUles  of 
the  Trias.  11.  The  Labjrrinthodon.  12.  The  Bhynchosaurus.  13.  The  Dioynodon  of 
Anrica.    14.  Foot-prints  on  stone.    15.  Oniithichnites.     16.  Triasslc  Mammal.    17. 

'  'J  he  Permian  System.  \H.  Magnesiau  limestone  orZechsteln.  19.  Permian  of  Ger- 
many and  Sossia.  20.  Organic  Remains  of  the  Permian  System.  21.  Invertebrata  of 
the  Permian.  22.  Fishes  of  the  Permian.  23.  Reptiles  of  the  Permian.  24.  Reptiles. 
25.  Chelonians  or  Turtles.  26.  Crocodiles.  27.  Enalio-saurians  or  Marine  Reptiles. 
28.  The  Plesiosaurus.    29.   Pterodactyles,  or  Flying  Reptiles.    30.   Ophidians  and 

.  Batrachiaos.  31.  Review  of  the  Age  of  Reptiles.  32.  Objections  considered.  33.  Con- 
cluding Reiuurks. 

1.  The  Teias  and  Pebmian  Formations. — Beneath  the 
Lias  there  is  a  series  of  strata,  many  hundred  yards  in  total 
thickness,  which  was  formerly  known  in  geology  as  the 
J^ew  Bed  Sandstone  Formation,  and  divided  into  two  groups, 
namely  the  Upper  and  the  Lower.  But  later  investiga- 
tions *  having  shown,  that,  of  the  fossils  found  in  the  lower- 
most group,  scarcely  a  species  is  known  in  the  upper  series, 
nor  in  any  newer  strata,  this  system  is  now  separated,  under 
the  name  of  "  Permian,"  from  the  former,  and  regarded  as 
the  uppermost  or  terminal  group  of  the  Pahsozoic  or  primary 
series  ;  while  the  Upper  New  Eed  is  ranked  as  the  lowermost 
of  the  Mesosoie  or  secondary  formations. t  The  name  of 
Trias,  or  Triassic  System,  by  which  the  Upper  New  Bed  is 
now  distinguished,  relates  to  the  well-marked  triple  sub- 

•  See  Phillips's  **  Manual  of  Geology,"  1855.  p.  246,  247. 
f  See  the  **  Synoptical  Arrangement,'*  p.  203. 
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division  of  this  series  in  Germany,  and  has  heen  adopted  to 
avoid  confusion  from  the  restricted  application  of  the  old 
term.  The  New  Sed  Sandstone  series  has  also  been  termed 
the  "  PoBcilitic  "  from  the  variegated  colours  of  its  compo* 
nent  strata ;  and  ''  Saliferous,"  on  account  of  the  immense 
beds  of  rock-salt  which  alternate  with  the  red  marls  in 
Cheshire  and  other  parts  of  England.  The  following  table 
shows  the  characters  and  order  of  succession  of  the  prind* 
pal  Triassic  and  Permian  deposits : — 

TUB   TRIAStIC   OR   KEW    RED   FORMATION. 

(Comprising  (he  Keuper,  Mutehelkalk,  and  Bunter'Sandtteinj  offhM 
German  geologistt,) 

1.  Variegated,  red,  blue,  greenish,  and  white  marls  or  clays  (with 

gypsum  and  immense  beds  of  rock-salt  in  some  places),  intentra- 

tified  with  sandy  beds ;  the  sandstones  towards  the  bottom,  called 

^'  Water-stones,"  constituting  a  well-defined  band. 

[These  marls  and  sandstones  attain  a  thickness  of  about  1000  (eet, 

and  are  equivalent  to  the  "  Keuper;  "  the  "  Muschelkalk"  being  posa- 

bly  reprt'sented  by  the  "  white  beds  "  or  **  waterstones."] 

2.  Red  and  variegated  sandstones  and  marls. 

3.  Coarse  red  sandstones  and  conglomerates. 

4.  Red  and  variegated  sandstones  and  marls.  * 

[Nos.  2, 3,  and  4  collectively  have  a  thickness  of  more  than  1000  feet] 

THE   PERMIAN    OR   MAON  ESI  AN -LIMESTONE   FORMATION. 

(Comprisinff  the  Bunier-Schiefer,  Zechttein,  Kupfer-Sehiefer,  and 
Roth'tadt'lieffendetff  of  the  Germatu.) 

1.  Redduh  sandstones,  and  red  and  white  gypsiferous  marls,  with  thin 

limestone-beds.     (About  200  feet  thick). 

2.  Magnesian  limestone  (Zechstein) ;  white,  red,  or  yellowish  magne- 

sian  limestone,  sometimes  concretionary,  sometimes  brecciated,  is 
thick  beds,  with  marine  organic  remains.  (About  5(X)  feet  thick.) 

*  See  Quart.  Joium.  Geol.  Sue.  vol.  ix.  p.  188,  for  Prof.  Ramsay's 
account  of  the  four  subdivisions  of  the  English  "  Bunter." 

f  Both-todt-lieffende»t  signifying  "  red  dead  layer,"  is  a  German  mill- 
ing  term,  Jewot/n^  that  the  copper  o£  \^e  w^v*^  \i^^%  >ma  ^Aftft^  «^Vk^JE» 
lAjreraot  being  meiaWiieToxiA, 
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3.  Mar]-«)ate  and  Umestooe,  in  thin  layers,  containing  fishes  and  sea- 
shells.  (Abont  60  feet  fhiek.)  The  Kujrf§r- SehiefeTf  or  Ck^pper- 
schist,  of  Manefeld. 

4r  Variegated  marls,  sandstones,  and  conglomerates  (Pontefract  Rock) 
of  Tariable  Uiickness  and  character.*     (About  200  feet  thick.) 

'From  this  tabular  view,  the  Trias  and  Permian  systeuis 
are  seen  to  consist  of  red  and  variegated  marls,  generally 
g3rpsiferous,  sandstones,  magnesian  limestones,  and  conglo- 
merates, more  or  less  coloured  vnth  peroxide  of  iron  j  the 
upper  group  containing  beds  of  salt  and  gypsum ;  and  the 
lower,  calcareous  rocks,  having  in  their  composition  a  large 
proportion  of  magnesia.  As  a  whole,  the  strata  are  compa- 
ratively poor  in  organic  remains;  but  in  some  localities 
land-plants,  marine  shells,  and  reptiles  are  met  with  y  cer- 
tain species  and  genera  being  peculiar  to  each  system.  The 
fossils  of  the  Permian  rocks  are  very  closely  allied  in  their 
zoological  characters  to  those  of  the  coal-formation ;  the 
organic  remains  of  the  Trias,  on  the  contrary,  are  very  dis- 
tinct, having  closer  relations  to  those  of  the  secondary  form- 
ations, especially  the  Lias. 

2.  Geogeaphioai.  DisTBiBtJTiojr  Cft  THIS  Trias  akd 
PebmiaK. — For  the  sake  of  conciseness  I  shall  comprise 
both  systems  in  the  following  brief  notice  of  their  geogra- 
phical distribution.t 

From  the  River  Tees  to  the  Tyne  {aee  the  map^  PI.  I.  p.  474),  these 
rocks  form  the  Durham  coast.  The  line  of  the  emergence  of  the  New 
Red  from  beneath  the  Lias  through  Yorkshire  to  the  south-west  forms 
its  eastern  boundary.  Trarersing  Yorkshire  and  Nottinghamshire  as  an 
irregular  band  varying  from  10  to  30  miles  wide,  the  New  Red  is  accom- 

*  The  sands  and  sandstones  beneath  the  msirl'slate  in  Durham  are 
beliered  by  Mr.^  K.  Howse  not  to  belong  to  the  Permian  series,  on  ac- 
oonnt  of  their  unconformability,  and  their  being  characterized  by  genuine 
carboniferous  species  of  plants  and  fish.    Annals  N.  H.  1856. 

f  In  the  map,  Plate  L  the  Trias  and  PeTiniHU  ate  \>oOa  ^«QS^'eft.\s^ 
(he  same  colour  and  number  (5), 
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panied  by  a  still  narrower  band  of  Permian  rocks  to  the  west  as  far  u 
Nottingham,  from  whence  as  far  as  Warwick  and  the  vale  of  the 
SeTem  *  to  the  south-west,  and  to  Shrewsbury  and  the  Lancashire  coast 
on  the  west  and  north-west,  the  New  Red  spreads  out  irregularly,  com- 
prising the  rich  salt- fields  of  Cheshire  and  Worcestershire,  and  surround- 
ing or  bordering  on  the  sereral  coal-fields  of  the  Midland  counties, 
Flintshire,  and  Lancashire,  each  with  its  irregular  selredge  of  Permian 
strata.  In  Somerset  and  Devon  the  New  Red  accompanies  the  Lias. 
It  also  forms  the  vale  of  the  Clwyd  in  North  Wales,  and  that  of  the  Eden 
in  Cumberland,  where  it  is  uniformly  bordered  with  Permian  rocks.  The 
latter  occur  also  in  an  isolated  patch  in  Anglesea,t  &nd  are  represented  in 
the  South-western  counties  by  conglomeratic  beds  near  Bristol,  on  the 
sides  of  the  Mendips,  and  near  Exeter. 

The  New  Red  of  Cumberland  is  continuous  with  the  sandstone  area 
of  South-eastern  Dumfriesshire ;  but  the  red  sandstones  of  the  upper 
part  of  Annandale  (Corncockle  Muir,  Moffat,  &c.),  and  of  Dumfries  and 
the  vale  of  the  Nith,  are  referred  by  Messrs.  Binney  and  Harkness  %  to 
the  Permian  series.  In  Ireland,  Permian  fossils  have  been  found  at  Cul- 
tra,§  near  Belfast,  and  at  Artrea,||  and  Roan  Hill,  Tyrone.^  The  great 
breadth  of  the  district  of  which  the  Triassic  beds  form  the  subsoil,  in  their 
western  expansion,  arises  from  the  New  Red  marls  and  sandstones  of  the 
North-western  and  the  Southern  counties  being  nearly  horizontal  bedSi 
for  the  most  part  free  from  overlying  deposits,  and  succeeding  to  the 
disturbed  underlying  strata,  which  had  previously  been  thrown  up,  at 
various  and  often  considerable  angles,  into  lofty  groups  and  chains  of 
hills,  which  appear  like  so  many  islands  amidst  the  great  plain  of  Red- 
marl  (see  section  of  the  Mendips,  p.  522).** 

On  the  Continent,  the  Triassic  and  Permian  groups,  with  occa- 
sional variations  in  the  strata,  may  be  traced  nearly  opposite  the 
Devonshire    coast,   skirting    the    palseozoic    rocks  of    Brittany;    and 

*  A  valuable  paper  by  Murchison  and  Strickland  on  the  **  New  Red 
of  Gloucestershire,"  &c.  will  be  found  in  Geol.  Transact.  2nd  series,  vol. 
v.  p.  331.     See  also  Murchisou's  Siluria,  p.  300,  &c. 

t  Lately  noticed  by  Professor  Ramsay,  Local  Director  of  the  Geolo- 
gical Survey. 

X  Quart.  Geol.  Joum.  vol.  xii.  p.  138,  and  p.  254. 

j  Journ.  Geol.  Soc.  Dublin,  vol.  i.  p.  175.         ||  Ibid.  vol.  vii.  p.  67. 

5f  Geol.  Proc.  vol.  ii.  p.  206 ;  Portlock's  Report,  Londonderry,  p.  468; 
anrl  Quart.  Geol.  Journ.  vol.  iii.  p.  4. 

**  See  also  the  map  of  the  Mendips  in  De  1 1  Beche's  Geological  Ob- 
aervcr,  p,  478, 
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to  the  South-east,  underlying  the  Jura-limestone,  and  containing  beds 
of  gypsum  and  salt,  they  occur  in  patches  on  the  flanks  of  the  gneissic 
area  of  Central  France.  They  have  a  great  extent  in  Central  Ger- 
many, stretching  from  the  Hundsriick  to  the  Vosges  on  the  west  of 
the  Rhine  Valley,  and  from  the  Hartz  to  the  Black  Forest  on  its  east- 
ern side.  They  are  traceable  also  as  a  zone  on  either  side  of  the  Alps. 
In  Saxony,  Silesia,  and  Poland  there  are  isolated  tracks  of  these  strata, 
but  they  prevail  in  the  north  and  east  of  European  Russia ;  the  great  ex- 
tension of  the  Magnesian  limestone  series  over  and  around  the  Govern- 
ment of  Perm  having  suggested  to  Sir  R.  Murchison  the  present  geo- 
logical name  of  this  formation.  Triassic  rocks  are  known  in  several 
pans  of  Spain  and  Portugal.* 

The  Trias  of  Germany,  distinct  in  its  triple  character,  is  well  developed 
in  Bavaria  and  Wirtemberg.  Immediately  beneath  the  Lias  is  the  series 
termed  the  Keuper^f  which  consists  of  variegated  red  and  green  marls 
and  sandstones,  containing  intercalations  of  salt  and  gypsum,  as  in  Eng- 
land, and  some  coaly  beds.  This  group  is  superimposed  on  a  fine  cream- 
coloured  "  shell-limestone,"  or  Mttsehelkalk^  which  abounds  in  organic 
remains ;  especially  in  that  beautiful  extinct  crinoidean,  the  Lily  encri- 
mite  {Liffn.  131),  which  is  exclusively  found  in  this  bed,  and  chiefly 
Dear  Brunswick :  the  Muschelkalk  is  not  known  to  occur  in  England. 
The  lowermost  series  of  the  Trias  is  the  Bunter-Scuidstein,l  consisting  of 
▼ariegated  sandstones  and  marls,  resembling  those  of  the  Keuper.  The 
lower  portion  of  the  Bunter  (Bunter-Schiefer)  has  been  separated  from 
this  group  to  be  allocated  to  the  Permian  series.  § 

In  the  United  States  of  North  America  red  sandstones  and  shales, 
Mnally  referred  to  the  Trias,  occupy  the  lower  part  of  the  valley  of  the 


♦  The  Geological  Map  of  Europe,  by  Murchison  and  Nicol,  is  a  good 
guide  for  the  student  in  studying  the  extension  of  these  and  other  forma- 
tions. 

t  In  Western  Europe  the  junction-beds  between  the  Lias  and  the 
Keuper  appear  to  be  a  thicker  development  of  the  **  Bone-bed,"  as- 
sociated with  some  shelly  bands.  Towards  the  East,  these  are  found  to 
be  of  more  and  more  importance,  until,  in  the  Austrian  Alps,  they  thicken 
out  into  several  distinct  beds,  locally  known  as  Koessen-beds,  Dachstein- 
beds,  Hallstatt-beds,  St.  Cassian-beds,  Gutteustein-beds,  and  Werfen- 
beds. 

I  Variegated  or  spotted  sandstone. 

(  See  Murchison  and  Morris  on  the  Permian  rocks  of  Thuringia  and 
liie  Hartz,  Quart.  Joum,  Geol  Soc,  vol.  xi.  p.  42G. 
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Connecticut,  and  «rc}  contimied  into  New  Jersey,  Mftry1aii<1,  VirginiRf  ind  1 
North  Carolina,  and  similar  strata  occur  on  each  marg^  of  the  Bay  of 
Fundy  and  in  Prince  Edward  Island.  These  red  sandstoneet  are  assod* 
Ated  in  some  places  with  coal-beartng  shales,  sometimes  aboimding  in 
plant-remains  and  fishes  which  comprise  forms  both  of  paheozoic  and 
secondary  types.  The  Connecticut  sandstones  are  invested  with  an  extrtor* 
dinary  degree  of  interest,  from  the  abundance  and  yariety  of  the  foot« 
prints  of  unknown  animals  with  which  the  surface  of  some  of  the  )ami« 
nated  sandstones  are  impressed;  a  phenomenon  we  shall  presently 
examine. 

Some  traces  of  Permian  rocks  have  been  detected  in  Spitzbergets 
and  Muschelkalk-fossils  hare  been  detected  by  Capt  R.  Stradieyin 
the  Himalayas.* 

8.   EOCK-SALT  AND   BBINE-SPRIXaS   01   THE   TbIAS. — Ll 

England  and  Ireland  (Carrickferga8),t  the  Trias  is  the  diief 
repository  of  salt  or  chloride  of  sodium :  and  brinensprings^ 
which  are  subterranean  streams  of  water  impregnated  with 
salt  from  percolating  through  saliferous  strata,  are  abundant 
in  the  great  plain  of  the  red  marls  and  sandstones  of 
Cheshire.  The  salt,  however,  is  not  uniform  in  extent^  but 
occupies  limited  areas. 
The  saliferous  strata  of  Northwich  present  the  following  series:-^ 

1.  Uppermost  calcareous  marl  ...     15 

2.  Red  and  blue  clays 120 

3.  Bed  of  rock-salt 75 

4.  Clay,  with  veins  of  rock-salt     .    .    31 

5.  Second  bed  of  rock-salt    .    .    «    «  110 

Droitwich,  in  Worcestershire,  which  is  situated  nearly  in  the  centre  o^" 
the  county,  has  been  celebrated  for  the  production  of  si^t  from  its  brine- 
springs,  from  the  time  of  the  Romans ;  and  this  inexhaustible  fountaizs 
of  saline  water  has  continued  ever  since  flowing  up,  and  yielding  salt  ia. 

•  Quart.  Geol.  Joum.  vol.  vii.  p.  305. 

t  Two  beds  of  rock-salt,  underlying  upwards  of  630  feet  of  red  gypsi- 
ferous  marl,  and  making  together  a  thickness  of  more  than  120  feet, 
were  discovered  at  Carrickfergus  by  the  enterprise  of  the  Marquis  of 
Downshire,     (Jukea,  Geology,  p.  245.^^ 
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undiminished  quantities.*  It  is  probable  that  the  manufacture  is  coeval 
with  the  town  itself;  but  it  was  not  until  the  year  1725,  that  the  strong 
brine  for  which  it  is  now  famous  was  discovered ;  from  one  spring  alone, 
the  enormous  quantity  of  a  thousand  tons  of  salt  have  been  obtained  per 
week.t 

At  a  distance  of  from  lliirty  or  forty  feet  below  the  surface  there  is  a 
bed  of  hard  gypsum,  about  150  feet  thick;  through  this  a  small  hole  is 
bored  to  the  river  of  brine,  which  is  in  depth  about  twenty -two  inches, 
and  beneath  which  is  rock-salt.  The  brine  rises  rapidly  through  the  aper- 
ture, and  is  pumped  into  a  capacious  reservoir,  whence  it  is  conveyed 
into  iron-boilers  for  evaporation :  it  is  supposed  to  be  stronger  than  any 
other  in  the  kingdom,  and  contains  above  one-fourth  part  its  weight  of 
salt.  One  of  the  shafts  is  sunk  to  a  depth  of  nearly  500  feet,  and  passes 
through  four  layers  of  salt,  85  feet  in  aggregate  thickness.  Some  of  the 
beds  of  salt  in  Cheshire  are  from  70  to  120  feet  thick.  A  red  sandstone, 
containing  vegetable  remains,  forms  the  foundation-rock  of  the  saliferous  ' 
deposits  of  England. ;( 

4.  Oeigin  of  Book-salt.—- The  origin  of  these  enormous 
subterranean  beds  of  rock-salt  is  as  enigmatical  as  that  of 
the  saltness  of  the  waters  of  the  ocean.  But  deposits  of 
salt,  though  prevailing  in  England  and  the  Continent  in  the 
formation  under  examination,  are  not  confined  to  any  parti- 
cular group  of  strata.  The  celebrated  salt-mines  of  G^alicia 
^see  p.  289),  and  numerous  salt-works  in  Persia  and  West- 
em  Asia,  are  made  in  tertiary  strata ;  §  while  in  the  State 
of  New  York  salt  and  gypsum,  with  variegated  marls,  are 

*  The  Romans  imposed  a  tax  on  the  Britons  who  worked  the  Droit- 
wich  salt-mines,  and  made  salt  a  part  of  the  pay  of  their  soldiers*  aala* 
Hum,  or  salary.  .  Hence  the  custom  of  asking  for  salt  at  the  Eton 
Montem. — Geology  of  England  and  Wales,  p.  282. 

t  From  Mr.  R.  Hunt's  Report  in  the  Mining  Records  we  learn  that 
the  quantity  of  white  salt  manufactured  from  brine  in  the  districts  of 
Wansford  and  Northwich  (Cheshire)  in  1855  was  834,514  tons ;  at  Droit- 
wich  and  Stoke  (Worcestershire),  170,000  tons. 

i  For  an  interesting  account  of  the  salt-works  at  Droitwich,  see  Mr. 
Hugh  Miller's  **  Impressions  of  England  and  its  People*"  p.  179. 

}  According  to  Dr.  A.  Fleming,  the  saliferoua  beida  ol  \3cifc  ^v\\.-'^cnm{j^ 
in  the  Punjaub  are  of  the  Deyonian  age. 
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found  in  the  Silurian  system.*  It  is  to  be  remarked,  tliat 
deposits  of  cMoride  of  sodium  are  almost  always  accompa- 
nied witli  layers  and  intercalations  of  gypsum ;  and  the  cir- 
cumstance of  two  powerful  acids,  the  sulphuric  (in  the 
gypsum  or  sulphate  of  lime),  and  the  hydrochloric  (in  the 
chloride  of  sodium),  being  so  largely  and  uniformly  present, 
seems  to  indicate  a  common  origin ;  both  occur  abundantly 
as  volcanic  products.  In  a  more  advanced  state  of  chemical 
science,  this  fact  may  probably  tend  to  the  elucidation  of 
the  question  under  consideration.t 

The  gypsum  associated  with  rock-salt  is  considered  by 
several  eminent  observers  to  be  anhydrous,  that  is,  entirely 
free  from  water,  before  exposed  to  moisture.  The  great 
beds  of  gypsum  that  occur  with  rock-salt  at  Bex,  in  Switz- 
erland, were  found  by  M.  Charpentier  to  be  anhydrous 
when  laid  open  to  the  atmosphere.  Hence  Mr.  Bakewell 
suggests  that  the  consolidation  of  the  salt  and  gypsum  must 
have  been  effect^  in  such  cases  by  heat,  for  there  is  no 
conceivable  mode  of  aqueous  deposition  that  could  form 

*  In  the  middle  of  the  horizontal  Silurian  rocks  of  the  State  of  New 
York,  there  is  a  formation  of  red,  green,  and  bluish-grey  marls,  with 
beds  of  gypsum  and  occasional  salt-springs,  the  whole  being  from  800  to 
1000  feet  thick,  and  undistinguishable  in  mineral  character  from  parts  of 
the  Trias  of  Europe. — LyeWs  Travels  in  America^  p.  54.  See  also  J. 
Hall's  **  Geology  of  New  York,"  4to,  1843,  for  notices  of  the  salines 
and  gypsum  in  the  Medina  and  the  Onondaga  rocks. 

t  In  treating  of  the  gypsiferous  rocks  that  overlie  the  nummulitic  series 
in  Turkey  and  Persia,  Mr.  W.  K.  Loflus  has  suggested  that  Tolcanic 
action,  suddenly  altering  the  level  of  the  sea-bed  and  discharging  sul- 
phuric vapours  into  the  sea,  might  have  caused  the  deposition  of  the  gyp- 
seous beds,  by  the  chemical  change  of  the  calcareous  matter  held  in  solu- 
tion in  the  water ;  and  that  the  usual  absence  of  animal  remains  in  such 
deposits  might  be  similarly  accounted  for.  Mr.  Loftus  also  refers  to 
volcanic  agency  as  the  probable  cause  both  of  the  formation  of  the  rock- 
salt  of  the  Plain  of  Khoi  (about  80  miles  south  of  Ahirat),  and  of  the 
exceMive  saltness  of  the  Lake  Urumia.  Qwait,  C»eo\,  ^outti.  nqV,  ii. 
-»-  :^,  307,  and  309. 
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anhydrous  gypsum.*  The  red  colour  of  the  salt  and  marls 
is  occasioned  by  oxide  of  iron,  which  may  have  been  derived 
from  decomposed  volcanic  rocks. 

That  many  of  the  deposits  of  salt  may  hare  originated  simply  from 
tbe  eraporation  of  sea-water  pent  up  in  lagoons,  lakes,  or  inland  sens,  is 
a  generally  receired  and  not  improbable  supposition ;  but  the  absence  of 
marine  organisms  of  any  kind  has  been  regarded  as  a  formidable  objec- 
tion to  this  hypothesis.!  Another  difficulty  presents  itself  in  the  enor- 
moQs  thickness  of  many  of  the  beds  of  salt ;  which,  if  considered  as  the 
lolid  residuum  of  sea-water,  must  have  required  a  body  of  fluid  incon- 
ceirably  great ;  unless  we  suppose  the  seas  of  those  ancient  periods  to 
bare  contained  a  much  larger  proportion  of  saline  ingredients  than  the 
present, — ^an  inference  for  which  there  are  no  reasonable  grounds  what- 
eTCT.  If  we  imagine  successive  subsidences  of  a  given  area  to  have 
taken  place,  the  alternations  of  beds  of  marls  with  layers  of  salt  of  vari- 
able thickness  may  be  explained  ;  but  the  difficulties  above  mentioned 
remain  in  full  force.  As  gypsum  J  and  the  chlorides  of  sodium  are  often 
sublimed  from  volcanic  vents,  an  igneous  origin  has  been  ascribed  to 
many  of  the  beds  of  salt  and  sulphate  of  lime.  Gypsum  is  unquestion- 
ably, in  many  instances,  a  metamorphosed  substance ;  for  sulphurous 
femes,  acting  on  beds  of  clay  containing  shells,  convert  the  lime  into 
>elenite ;  and,-  acting  on  limestone,  convert  it  into  fibrous  and  compact 
CTHum.  Many  tertiary  gypseous  deposits  have  evidently  originated 
ln>m  this  cause :  but  crystals  of  gypsum  are  also  abundantly  found  in 

•  Mr.  Bakeweirs  "  Introduction  to  Geology  '*  (5th  edit.  p.  289)  con- 
^  an  interesting  review  of  this  problem,  and  an  account  of  the  most  im- 
portant deposits  of  salt. 

t  It  cannot,  however,  be  with  certainty  determined,  whether  the  ab- 
sence or  paucity  of  fossils  in  a  deposit  is  owin^  to  an  actual  reduction 
[>f  the  amount  of  life  in  the  seas  of  a  given  area,  or  to  the  mineral  cha- 
•acter  of  the  strata  not  haviig  been  favourable  to  the  preservation  of 
irganic  remains. 

X  Gypsum,  or  sulphate  of  lime,  consists  of  sulphuric  acid,  46*31  ; 
me,  32*90 ;  and  water,  20*79.  The  massive  gypsum  is  called  Alabaster; 
le  ttiinsparent  gypsum,  Selenite ;  powdered  calcined  gypsum  forms 
*laster  of  Paris,  The  fibrous  gypsum  has  a  silky  lustre,  and  is  used 
►r  ear-rings,  brooches,  and  other  ornaments.  Fibrous  gypsum  of  great 
•auty  occurs  in  Derbyshire :  veins  and  masses  of  this  substance  abound 
.  the  red  marls  bordering  the  valley  of  the  Trent. 
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bedi  ountammg  pjrLtes^  from  th«  decdrnposition  of  the  sulpliida  of  iron* 
and  ihe  formaUoa  of  gulplittte  of  lime  from  the  action  of  the  llbeTated  anl- 
pluiTic  acid  on  tbe  calcareous  materials.*  In  many  part  a  of  Sicily, 
vaponrs  charged  with  sulphuric  acid  are  cons  tan  ily  emaimtiiipf  from  \entM 
or  fumarolesj  as  they  are  termed,  and  ihjow  down  large  deposits  of  sul' 
phur  and  gypsnm  ;  and  the  fumes  of  aulphur  and  horacic  acid  eactpe  in 
fluch  quantilifs,  that  the  peasantB  put  pot%  and  often  hee-hivea,  over  lh<" 
fumaroles»  and  thtia  collect  ahtmdance  of  eulphur  and  boracic  actd.  T*^ 
Tuscany,  boracic  acid  is  obtained  from  jeta  of  vapour  which  force  ihel*" 
wav  through  secondary  rocka  in  contact  with  serpen tinp.f 

The  connexion  between  volcanic  action  and  the  formation  of  piTSur*^ 
aeems  also  pointed  out  by  the  fact,  that  In  Norlh  Amftica,  where  if)^^ 
canic  rocks  are  not  associated  with  the  coal-measures,  there  are  no  bed  ^ 
ofpypsum:  but  in  Nova  Scotia,  where  igneous  rocks  are  inierpokte*3L 
beneath  the  coal,  there  are  es tensive  gj'pseous  deposits.     Sir  C   Lyell  •• 
after  a  careful  review  of  the  phenomena  exhibited  by  these  gypsiferoi*  ^ 
strata,  espresises  his  conviction,  that  the  production  of  prypsum  in  th  ^^ 
Carboniferous  sea.  was  intimately  connected  with  volcanic  nriion,  wl^e   '"^ 
ther  in  the  form  of  stiifaa  or  heated  vapours^  or  or  bet  mineral-sprlnp,  o:*^ 
some  other  effects  of  sub-marine  i^eous  eruptions. 

It  may  be  al^o  remarked,  ihat  the  variegated  appearance  of  the  marl  ^^ 
—red,  pink,  blue,  yellow,  dun,  &c.— <jf  ihe  Trias,  seems  to  have  bee*""^^ 
produced  by  the  cheroicaJ  effects  of  vapours  or  Huids  charged  with  sul  — ' 
phuric  or  chloric  acid ;  at  least  the  same  change  is  indueed  on  the  tcr  — "^ 
tiary  marls  of  the  Lipari  Isles  by  the  gaseous  emanations  and  vapours  o>  -^ 
the  fumarolea  and  hot  springs. 
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5.   Thu  CnELTE5fHJLM  Watihs. — Tn  certain   locRlitic 
where  the  mark  of  tlie  Trias  are  covered  by  other  bedfls^ 
and  the  saline  springs  force  their  way  to  tbe  surface  throng to^^^ 
the  sn perineum  bent  deposits,  chemical  changes  take  placN 
in  these  solutions  of  chloride  of  sodium,  which  thus  acqu 

•  See  Mr,  Morris's  paper  in  Mag.  Nat.  Hist.  IB:^,  p.  43.  RecetH 
raihvay-embankments  of  shelly  clays  (such  as  Uie  London,  Kirnmeridge, 
and  Ok  ford  Clays)  often  exhibit  this  phenomenonf  and  are  liable  to  givi 
way  from  their  conaoUdation  being  thereby  prevented* 

t  See  a  highly  mtertstinjir  Memoir  on  the  Geo!o|ey  of  some  parts  e^ 
Tu?"tany»  by  W.  J.  HaniiUon,  E^tq*,  Quart.  Geol.  Journal,  vol.  i.  p.  274 ^^ 
ali^ii  Sir  R.  Murchison's  description  uf  the  Tuscan  fumarolet  and  soflioni^ 
Quart,  GeoL  Joum-  voL  viL  p,  3Q7. 
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Other  properties,  and  become  what  are  termed  miaeral- 
waters ;  eucli  is  the  origin  of  the  celebrated  Cheltenham 
waters,* 

Th«  town  of  Cheltenham  is  built  on  Liaa  clays  and 
Tsmh,  beneath  which,  but  at  a  great  depth,  lie  the  Tria?, 
sic  depoaits,  the  reservoir  of  the  rock-salt  and  brine^springj^j 
wbeace  the  mineral  waters  have  their  origin,  and  derive 
their  saline  ingredients  j  but  theae  undergo  various  modifi- 
catioaa  in  their  passage  to  the  surlace  through  the  superin- 
cnnilient  beds  of  Lias,  which  are  fuU  of  iron-pyritea,  and 
sulphate  of  lime,     '*  From  the  analyses  of  these  waters  by 


fFram  sir  M^  I,  Murthutmi  mt.  Si/flJ 


1,1,  Kid  nUTl.    3p  2,  %  Origin  n  f  the  Chelte  n  ham  WsLten,    3 ,  S,  Um  clajra 
ud  narli-    4,  AHuTlum. 


^veral  chemiata,  it  appears  that  their  principal  constituents 
^J«  the  chloride  of  sodium,  or  sea- salt,  and  the  sulphates  of 
^oda  and  ma^esia  j  sulphate  of  lime,  oxide  of  iron,  and 
chloride  of  magnesium  being  present  in  some  wells  only;  and 

in  much  smaller  quantities Besides  these  ingredients, 

iadme  and  bromine  have  been  detected  by  Dr.  Daubeny,  who 
endeavoured  to  ascertain  whether  these  two  active  princi- 

•  Se€  Sir  R,  I.  MtitcTiwoti's  description  of  the  mineraUsprilip  of 
Gloucestershire  and  Worcestershire,  **  SLhirian  System,"  p.  34  ;  and  in 
his  "Geology  of  Cheltenham,'"  2nd  edit,  p,  63.  The  Lias  and  Trias  of 
thii  district  are  described  in  hiU  detail  in  the  Sih  Sytt.  ^i^*  \^^  %t^. 
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pies,  which  the  French  chemists  had  recently  discovered 
modern  marine  productions,  did  not  also  exist  in  minei 
salt  waters  issuing  from  strata  which  geologists  consider 
have  been  formed  beneath  the  sea." 

As  the  saline  springs  of  the  red  marls  rise  up  throu 
the  Lias  {Lign.  128),  they  undergo  certain  chemi( 
changes.  From  the  decomposition  of  the  sulphate  of  ir 
which  takes  place,  a  vast  quantity  of  sulphuric  acid  must 
generated,  which,  reacting  on  the  different  bases  of  magnes 
lime,  &c.,  contained  in  the  strata,  forms  those  sulphates 
prevalent  in  the  higher  or  pyritous  beds  of  the  Lias ;  \ 
oxide  of  iron  being  at  the  same  time  more  or  less  complete 
separated.  By  this  means  the  mineral-waters,  which  i 
probably  mere  brine-springs  at  the  greatest  depths,  acqu 
additional  medicinal  qualities  as  they  ascend  to  the  pla4 
whence  they  flow.  At  the  same  time  \i  must  be  borne 
mind  that  fresh  water  is  continually  falling  from  the  atm 
phere  upon  the  surface  of  the  Lias  clays,  and  percolati 
through  the  uppermost  strata. 

6.  CoNGLOMEBATES  OP  THE  Teias.— The  conglomera 
of  this  formation  are  chiefly  composed  of  pebbles  a 
detritus  derived  from  the  destruction  of  igneous  and  me 
morphic  rocks,  as  slate,  quartz-rock,  granite,  porphy 
&c. ;  and  the  flne  siliceous  sandstones  contain  a  large  p 
portion  of  such  debris.  It  would,  therefore,  appear  that  \ 
sea  which  deposited  the  saliferous  group  was  bounded 
the  rocks  of  whose  ruins  it  is  composed ;  in  like  manner 
the  existence  of  beaches  of  flint-pebbles  evinces  the  destn 
tion  of  former  chalk-cliffs. 

The  rock  on  which  Nottingham  Castle  is  built  is  a  c< 

glomerate  formed  of  the  ruins  of  the  ancient  rocks  of  \ 

neighbouring  districts.     The  rounded  pebbles  of  quai 

lydian  stone,  granite,  jasper,  porphyry,  slate,  &a,  seem 

hsve  originated  from  rocks  foraxetly  <M>im&c^«A  -wvth.  i 

range  of  Cbanxwood  Forest.    StiilL  neaieT  ^i^aa  ^V'sstunf 
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hilla,  the  finest  sandstone  contnina  fragments  of  slate.  Mr. 
Bake  well  was  of  opmion  that  a  large  proportion  of  the  ma- 
terials of  tiie  Tria^sic  strata  was  deriv  ed  from  trap  and  otLer 
igneous  rocks ;  and  that  the  red  marl  was  the  debris  arising 
from  the  decomposition  of  the  less  indurated  volcanic  pro- 
ducts ;  henee,  probably,  the  extreme  fertility  of  the  soil.* 

7.  OaoAinc  Hemaiks  of  the  Teiab,  —  This  formation 
presents  a  remarkable  contrast  with  that  of  the  Jurassic,  in 
the  paucity  of  organic  remains ;  for,  while  the  latter  teems 
with  marine  fossils,  the  former,  tliroughout  immense  ureasj 
IB  almost  wholly  destitute  of  any  vestiges  of  antnmls  or 
vegetables ;  a  proof  that  the  strata  were,  for  the  most  part, 
accumulated  under  conditions  unfavo arable  for  the  preserv- 
ation of  organic  atnicturea.  Several  Fucoidal  plants, 
between  thirty  and  forty  speciea  of  Ferns^t  nenrly  twelve 
of  Cycadeee,  and  about  fourteen  referable  to  Comter33e,  bave, 
however,  been  obtained  and  determined.  Among  these 
are  fronds  of  a  plant  bearing   some  resemblance  to  the 
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{ CMWivtopttri^  tc^gpenirmdtM ;  sne  half  (ht  nainrv^  HmJ 


Adder's  tongue  {AspUnium  scohpendrmm)^  so  common  on 
the  banks  of  our  woods  and  copses;  a  specimen  discovered 
by  M.  YoHz  exhibits  the  fructification  on  the  back  of  the 
leaf  {Lign,  129).     But  the  most  character! stic  plants  of 

•  Introduction  to  Gcjolo^,  fifth  edition,  p.  279. 

f  Pragraenta  of  Ihe  large  fronds  of  tlje  Anomopteris  Movk^^ti^  fcotn  iVkia 
Bunter,  are  Bgursi  m  the  Medala^  rg),  i  p.  U7^  and  Petrifadaxm*^  V^  ■^^l. 
2  J*  2 
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the  Triassic  flora  are  ConiferaBj  belonj^iag  to  a  genus  named 
VoUzia^*  T^hich  diffbr  from  anj  now  living,  hot  soinevvliiit 
resemble  the  Araucaria,  or  Norfolk  Island  pine.  Erugments 


I4    If.  laOL-COMFEKJB  OP  THBTBIA^:    FHOM  8ULZ'LE»  HA1V9. 
—    2-   --— heteruplijllai  with  t)i«  fhictlflcAtlon- 

of  these  fossil  plants  are  frequent  in  the  ^p^eniah  marls  near 
Strasburg :  two  specimens  of  portions  of  branches  are  ti|y;ure^^ 
in  Li^n.   130  j   ^y,  2  shows  the  fructification  .f     Sererftl 


•  Fram  the  laie  Mf .  Volta  of  Stragljurg,  by  whom  they  were  first  dii* 
covered » 
f  See  Essm  d'une  Flore  du  Grbs  Bi^aTife  -,  -pwc  ^.  kd.  Brongpiftrt* 
Ajw.  Sciences  Nat,  1828. 
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species  of  eqiiisetaceous  plants  (JJalamiteH  and  EquisetiteB) 
abound  ;  one  of  which  is  probably  the  E,  columnari^  of  the 
Lower  Oolite. 

A  very  remarkable  fossil  {Dictyophyllum  crassinervum*) 
has  been  found  in  the  Triassic  sandstone  near  Liverpool ;  it 
is  a  leaf  of  considerable  size,  bearing  a  striking  resemblance 
to  the  foliage  of  some  of  the  thick-ribbed  cabbages.f  I  will 
only  add,  that,  as  a  whole,  the  flora  of  the  Trias,  or  New 
Red,  presents  a  general  character  by  which  it  is  separated 
alike  from  the  vegetation  of  the  older  formations  below,  and 
of  the  Lias  above,  though  showing  a  strong  afEmity  to  that 
of  the  latter. 

8.  Ceustacba,  Mollitsca,  and  Crtnoidea. — Crustaceans 
are  rare  in  the  Trias,  with  the  exception  of  one  genus  of 
small  bivalved  entomostracans,  allied  to  the  recent  EsihericB^ 
and  commonly  confounded  with  the  molluscan  Fosidonomya, 
This  little  Estheria  {Posidonomya  minutd)  is  characteristic  of 
the  Keuper  deposits  of  England  and  the  Continent ;  and 
similar  fossils  occur  in  the  red  shales  of  Virginia  and  Penn- 
sylvania.J  M.  Schimper  §  has  figured  and  described  some 
Xiphosures  or  Limulus-like  Crustaceans  from  the  Trias  of 
Alsace.  Polypiferous  zoophytes  or  corals,  which  are  so  abun- 
dant in  the  Jurassic  formation,  are  very  rare  in  the  Trias. || 
The  shells  comprise  a  few  species  of  Cardium,  Trigonia,  Mya, 
Plagiostoma,  Ostraea,  Pecten,  Avicula,  Terebratula,  and 
other  Bivalves,  with  several  Gasteropoda,  some  Nautili,  and 
numerous  Ammonites  and  Ceratites.lf   The  Eadiaria  consist 

•  The  "thick-nerved  net-leaf." 

t  Lindley's  Foss.  Flora,  pi.  201,  and  Murchison's,  "  Silurian  System," 
p.  43. 

J  See  Mr.  Jones's  Notice  of  this  fossil  in  the  Quart.  Geol.  Journ.,  vol. 
xii.  p.  376. 

§  M4m.  Mus.  Hist.  Nat.  Strasbourg,  vol.  iv.  1853. 

II  One  or  two  species  occur  in  the  Muschelkalk,  and  two  in  the  Hall- 
statt-beds,  of  the  Austrian  Alps;  Denksch.  Akad.  Wien,  vol.  ix.  p.  107. 

f  Medals,  vol.  ii  p.  483. 
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of  B>  few  Star-fifelieBj  Cidoridea,  Pentacrinites,  and  EncTiaitejt. 
Ui"  the  latter,  a  most  beautiful  form  of  this  family  of  Criiioi* 


N 


fMmrmiit  litiifiiTmU.jf* 

deans  is  exclusively  found  in  the  Muscheltalk,  namely^  tbc 
Lil^  Encriniie  {Lign,  131)j  so  named  from  the  Buppoaed 

*  First  fi|e:iired  and  described  by  Schlotlieim  ;    and  subsequently,  as 

E.  mmiiU/ormis^  by  Miller*     Baron  von  Siroinbeck  has  written  an  in- 

fejvs/mg- description,  with  ilhistr adonis  of  vYie  AfetiTTO:\<v^  til  ^^SM^  i 

w  the  "P4/a?oniograpliica,'"  vol,  iv.  p,  \^^ 
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resemblance  of  the  animal,  when  in  repose,  to  a  closed  lilj ; 
in  the  lecture  on  Zoophytes,  &c.,  I  shall  describe  this  elegant 
fossil  more  particularly:  the  specimens  hitherto  obtained 
are  from  the  neighbourhood  of  Brunswick. 

9.  Fishes  of  the  Tbias.  —  The  bone-bed  that  inter- 
venes bet«ireen  the  Lias  and  Trias  (see  p.  524),  contains 
teeth  and  dorsal  rays  of  numerous  small  fishes  of  the  genera 
Acrodus,  Ceratodus,  Oyrolepis,  JSt/hodus,  ^emacanthus,  and 
Saurichthis ;  similar  remains  occur,  although  but  rarely,  in 
the  sandstones  and  conglomerates.*  Only  one  species  t  of 
the  PalaBoniscus,  a  genus  of  fishes  common  in  the  Permian 
and  Carboniferous  formations,  has  been  identified  in  the  Trias. 

10.  Beptiles  of  the  Tbias. — The  Triassic  strata  not 
only  contain  teeth  and  bones  of  several  remarkable  reptiles^ 
but  also  bear  the  foot-marks,  or  imprints  of  the  feet,  of 
many  animals,  both  biped  and  quadruped,  of  whose  exist- 
ence no  other  traces  have,  as  yet,  been  discovered.  Although 
the  true  geological  position  of  some  of  the  strata  bearing 
such  imprints  is  somewhat  doubtful  (for  some  geologists 
question  whether  a  great  part  of  the  so-called  New  Eed  of 
North  America  may  not  be  referable  to  the  Permian  group), 
whilst  others  associate  it  with  the  Jurassic  series,  it  will  be 
convenient  to  notice  the  phenomena  in  question  in  this  place; 
I  will,  therefore,  first  describe  the  reptilian  remains,  and 
afterwards  examine  the  fossil  foot-marks. 

Bones  of  several  species  of  Ichthyosaurian  and  Plesiosau- 
rian  reptiles  have  been  found  in  the  Triassic  strata  of  Wir- 
temberg  by  Dr.  Jaeger  of  Stutgard.    But  the  most  extraor- 

*  Fish-teeth  and  Ichthyodorulites  hare  been  found  in  the  conglomer- 
ate of  the  Keuper  at  Pendock,  by  the  Rev.  Mr.  Symonds  (Quart.  Geol. 
Joum.  vol.  xi.  p.  451)  ;  and  in  the  gritty  sandstone  near  Warwick,  by 
the  Rev.  Mr.  Brodie  {Ibid,  vol.  zii.  p.  374).  A  very  peculiar  and  homo- 
cerque  ^sh  (DipteronoHu  eyphtu)  has  been  figured  and  described  by 
Sir  P.  Egerton  from  the  Bimter-sandstone  of  Bromsgrove.  (Quart,  Geol, 
Joum,  vol.  X.  p.  367). 

t  roiteomsetds  tt^m-8tea,  Egerton ;  Geol.  Proceed.  IxMOftA^"^- 
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dinaiy  reptilian  remains  discovered  in  that  country  and  de- 
scribed bj  the  same  eminent  physician,  H.  Ton  Meyer,  and 
Burmeister,  belong  to  enormous  Sauro-batrachians,  or  ani- 
mals allied  both  to  Crocodilians  and  the  Frog-tribe.  The 
principal  fossils  consist  of  portions  of  the  cranium,  jaws 
with  numerous  teeth,  and  an  occipital  bone,  with  a  double 
articulating  surface,  —  a  proof  of  its  batrachian  afi&nity. 
Teeth,  portions  of  the  skull  and  jaws,  and  a  few  other 
bones,  of  similar  extinct  Sauro-batrachian  or  Labyrinthodont 
reptiles  have  also  been  found  in  Warwickshire,  and  have 
been  described  by  Professor  Owen. 

11.  The  Labyblnthodon.* — The  teeth  of  the  gigantic 
reptile  of  Wirtemberg  t  (some  of  which  are  two  inches  loug), 
and  those  from  "Warwickshire.  J  are  of  a  gently  curved  coni- 
cal shape,  and  possess  a  remarkable  complicated  character, 
produced  by  the  convergence  of  numerous  labyrinthine  folds 
of  the  external  layer  of  cement  towards  the  pulp-cavity ;  and 
within  these  inflections  the  dentine,  or  tooth-ivory,  is  simi- 
larly disposed.  Transverse  sections,  therefore,  display  the 
most  beautiful  interfoldings  of  the  two  substances  ;  and,  as 
the  fossils  are  generally  deeply  coloured  by  iron  or  manga- 
nese, they  exhibit,  under  a  slightly  magnifying  power,  i\u 
extremely  interesting  appearance ;  §  this  peculiarity  of  or- 
ganization suggested  the  name  assigned  to  this  peculiar 
genus  of  fossil  reptiles. 

From  the  structure  of  the  cranium,  it  appears  that  the  Lahyrinthodon, 
of  which  there  are  six  English  species,  had  subterminal  nostrils  leading  to  a 


*  Medals  of  Creation,  vol.  ii.  p.  741. 

t  Dr.  Jaeger  gave  the  names  of  Salamandroides  and  MasCodontoaaurus 
to  the  Labyrinthodont  animal  of  Wirtemberg. 

{  According  to  Prof.  Ramsay  (Journ.  Geol.  Soc.  vol.  tl'i.  p.  198), 
■ome  at  least  of  the  Labyrinthodont  remains  found  in  Warwickshire 
occur  in  Permian,  and  iiot  Triassic  strat». 

*  MadaU  of  CreatioD,  rol  ii.  p .  744,  l^  .  n  1 .  ?v^.  ^.  ^ee  ^  I'i  .  ^^v^x^:  ^ 
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wide  and  shallow  nasal  cavity,  separated  from  the  cavity  of  the  month  by  a 
broad  and  almost  continuous  horizontal  palatal  flooring.  It  is,  therefore, 
inferred  that  these  reptiles  breathed  air  like  the  crocodiles,  and  were  pro- 
bably furnished  with  well-developed  ribs :  thus  these  early  representa- 
tives of  the  Batrachians  belong  to  a  higher  condition  of  structure  than 
any  true  Batrachia  now  known  to  exist.*  These  gigantic  Sauro-ba- 
trachians  must  have  borne  the  same  relation  in  magnitude  to  the  diminu- 
tive existing  members  of  the  frog-tribe,  as  the  extinct  colossal  Mosa- 
saur  and  Iguanodon  to  the  recent  Monitors  and  Iguana8.t 

Cladyodon,  —  Several  detached,  pointed,  trenchant,  re- 
curved teeth,  the  crowns  of  which  are  an  inch  long,  and 
five  lines  broad  at  the  base,  have  been  found  in  the  War- 
wickshire sandstone.  They  closely  agree  with  the  teeth  of 
the  Thecodont  reptiles  of  the  Permian ;  but  Professor  Owen 
regards  them 'as  generically  distinct,  and  has  named  the 
reptile  to  which  they  belonged  the  Cladyodon, % 

12.  EHTNCHOSArErs. — The  New  Eed  sandstone  quarries 
at  GrinsiU,  in  "Warwickshire,  have  yielded  the  remains  of  a 
very  anomalous  modification  of  reptilian  organization,  com- 
bining the  lacertian  type  of  skull  with  edentulous  jaws. 
The  general  aspect  of  the  cranium  resembles  that  of  a  bird 
or  turtle ;  the  intermaxillary  bones  being  very  long,  and 
curving  downward,  thus  imparting  to  the  fore-part  of  the 
head  the  profile  of  a  parrot.   There  are  no  teeth  apparent  in 

descriptions  and  figures,  Geol.  Trans.  2  ser.  vol,  vi. ;  Odontoffraphy,  p. 
195 ;  and  Cyclop.  Anat,,  Art.  Teeth. 

*  *'  As  in  the  existing  diversified  order  of  Batrachia,  one  family 
(^Perennibratxchiata)  represents  Fishes, — a  second  (CtfrtVwwf*),  Serpents, 
— a  third  genus  (Ptjwi),  Chelonians, — and  a  fourth  iSalamandra)^  Lizards, 
— so  would  the  now  lost  Labyrinthodonts  have  formed  Batrachian  repre- 
sentatives of  the  highest  order  of  Reptiles,  viz.  the  Crocodilians." — Prof. 
Owen,  in  Brit.  Assoc.  Bep.  1841,  p.  197. 

t  The  relative  proportions  of  all  these  great  reptilian  monsters  can  be 
easily  studied  in  the  Crystal  Palace  Gardens,  where  Mr.  Waterhouse 
Hawkins  has  so  boldly,  truly,  and  artistically  wrought  into  tangible 
shape  the  ideas  of  the  comparative  anatomist. 
/  Report  on  British  Fossils,  Rep.  for  1841,  ij.lbb. 
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either  jaw,  and  Professor  Owen  supposes  that  this  reptile 
may  have  had  its  jaws  encased  by  a  bony  or  homy  sheath, 
as  in  turtles.  Footmarks  of  a  small  reptile,  with  the  print 
of  a  hind-toe  pointed  backwards,  occur  on  the  8urfiEU»  of 
some  of  the  slabs  of  sandstone  in  these  quarries,  and  are, 
with  much  probability,  conjectured  to  have  been  impressed 
by  the  Ehynchosaurus.* 

13.  DiCYKODON. — Although  the  geological  position  of 
the  strata  whence  the  specimens  were  obtained  is  somewhat 
uncertain,  yet  the  relation  between  the  reptiles  whose  re- 
mains I  am  about  to  describe  and  that  last  mentioned  in- 
duces me  to  notice  them  in  this  place.  The  fossils  in  ques- 
tion were  collected  by  Mr.  Bain,  in  hard  limestone-nodules 
occurring  in  a  sandstone,  supposed  to  belong  to  the  Triassic 
system,  in  South  Africa,f  and  were  sent,  with  many  other 
specimens  of  undescribed  reptiles,  to  the  Geological  Society.} 
The  principal  remains  hitherto  cleared  from  the  rock  belong 
to  reptiles  having  a  flat  cranium,  with  nostrils  divided  as 
iu  lizards,  and  not  confluent  as  in  turtles,  which  otherwise 
the  skull  in  its  general  appearance  much  resembles.  The 
orbits  are  very  large ;  the  jaws  are  edentulous,  as  in  the 
Ehynchosaurus  above  described,  with  the  exception  that  the 
upper  jaw  possesses  a  pair  of  long  tusks  §  implanted  in  sock- 
ets, like  those  of  the  Walrus,  The  vertebrsB,  as  in  most  of 
the  extinct  saurians,  are  sub-biconcave.  This  marvellous 
type  of  reptilian  structure  is  perfectly  unique. 

*  Cambridge  Philosophical  Transact,  vol.  vii.  p.  355 ;  Medals,  p.  713. 

f  See  Mr.  Bain's  Memoirs  on  the  Geology  of  this  region,  and  Proft 
Owen's  detailed  descriptions  of  the  several  species  of  Dicynodon,  in  the 
7th  vol.  of  the  Geol.  Transact.  2nd  series,  1845-57 ;  and  in  the  Descript 
Caul.  Foss.  Rept.  and  Pisces,  Roy.  Coll.  Surgeons,  1854,  p.  80.  See 
also  Medals,  vol.  ii.  p.  714,  &c. 

X  This  collection  has  been  deposited  in  the  British  Museum;  and 
several  of  the  specimens  have  been  perfectly  cleared  by  Mr.  Dew,  and 
others  will  be  exposed  before  long. 

§  Hence  the  name  Dicynodon,  '*  two  canine  teeth." 
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555 


The  Acrosaurus  is  another  extraordinary  fossil  reptile 
from  the  same  locality.  It  has  thirty  or  forty  teeth  on  the 
alveolar  ridge ;  and  a  broad  process  of  the  malar  bone  ex- 
tending downwards  over  the  side  of  the  lower  jaw,  as  in  the 
GUyptodon  (see  p.  171).  Prof.  Owen  has  described  specimens 
of  the  vertebrae  of  three  other  genera  of  great  fossil  Lacer- 
tia  from  the  same  peculiar  South  African  formation.  These 
are  the  Maasospondylus^  Pachyspondylui^An^  Leptospondylus ; 
collected  by  Dr.  Orpen,  in  the  Dratenberg  Mountains.* 

14.  IcnNOLiTES,  OB  FossiL  Footsteps.  —  Some  years 
since,  the  attention  of  geologists  was  excited  by  the  dis- 
covery of  impressions  of  the  footsteps  of  quadrupeds  on  the 
surface  of  the  red  sandstone  f  at  Corncockle  Muir,  in  Dum- 
friesshire.J  The  imprints  resemble  those  made  by  the  paws 
or  pats  of  land-tortoises.  Entire  tracks  of  these  imprints, 
indicating  the  slow  progression  of  a  four-footed  animal,  ap- 
pear on  some  of  the  slabs.  On  one  block  of  sandstone  there 
were  twenty-four  consecutive  impressions  of  feet,  forming  a 
regular  track,  with  six  distinct  repetitions  of  the  marks  of 
each  foot,  the  fore-feet  differing  from  the  hind-feet ;  the  ap- 
pearance of  five  claws  was  discernible  in  each  fore-paw.  The 

♦  Descript.  Catal.  Coll.  Surg.  1854,  p.  97. 

t  The  red  sandstone  of  Corncockle  Muir  was  formerly  referred  to  the 
New  Red  Series ;  but  the  researches  of  Mr.  Binney  and  Prof.  Harkness 
have  shown  that  the  several  patches  of  red  sandstones  in  the  South  of 
Scotland,  excepting  that  of  Annan,  are  of  Permian  age.  Quart.  Joum. 
Geol.  Soc.  vol.  xii.  pp.  138,  and  254. 

X  Accoimt  of  the  Marks  of  Footsteps  of  Animals  found  impressed  on 
Sandstone ;  by  the  Rev.  H.  Duncan,  D.D.,  Edinburgh,  Trans.  Royal  Soc. 
vol.  xi.  1828.  Numerous  fossil  foot-tracks  from  the  quarries  at  Corn- 
cockle Muir  are  beautifully  illustrated,  of  natural  size  and  colours,  in 
Sir  W.  Jardine's  magnificent  "  Ichnology  of  Annandale ;  '*  and  Prof. 
Harkness  has  described  others  in  the  '*  Annals  of  Nat.  Hist."  for  1851. 
In  Mr.  Morris's  "  Catalogue  of  British  Fossils,"  1854,  p.  355,  is  a  very  per- 
fect Synopsis  of  all  the  fossil  foot-prints  hitheilo  {o\md  m  VJaa  ^\\>Cv^ 
strata :  but  "Permian  "  must  be  substituted  fox  ** Ti\aa"  Vxv^^  ^^  ^^ 
the  Corncockle  and  Dumfries  specimens. 
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obflervations  already  offered  on  tbe  ripple-markB  on  sand- 
stone (see  p.  382)  render  it  unnecessary  to  explain  the  pre- 
servation of  imprints  of  this  nature.  Similar  appearances 
have  since  been  observed  on  the  Triassic  sandstone  near 
Stourton  and  Buncom  in  Cheshire,  and  in  several  places  in 
Germany,  but  no  bones  of  tortoises  have  been  discovered  in 
these  strata. 

A  discovery  of  a  like  nature  was  made  soon  afterwards  in 
the  New  Eed  sandstone  near  Hildburghausen,  in  Saxony. 
Numerous  imprints  of  the  feet  of  some  large  quadrupeds, 
having  the  fore-paws  much  smaller  than  the  hinder,  were 
observed  on  the  exposed  surfaces  of  some  slabs  of  rippled 
sandstone:  and  similar  footsteps  have  been  found  in  tbe 
quarries  at  Stourton,  Taporley,  and  Lymm  in  Cheshire,  at 
Annan  in  South  Scotland,  and  near  Warwick.  These  im- 
prints are  on  the  face  of  each  successive  layer  of  stone ;  and 
on  some  of  the  slabs  not  only  are  there  foot-prints  of  various 
kinds  of  animals  that  walked  over  the  stone  when  it  was  in 
the  Btate  of  soft  sand,  but  also  the  impressions  of  rain-drops. 
Some  of  the  recently  exposed  surfaces  present  a  blistered 
or  warty  appearance,  being  covered  either  with  little  hemi- 
spherical eminences,  or  with  depressions ;  and  these,  upon 
an  accurate  investigation  of  the  phenomena,  prove  to  have 
been  the  effect  of  rain,  which  fell  while  the  surface  was 
soft  and  impressible.  On  many  of  the  slabs  the  forms  of 
the  rain-drops  and  of  the  foot-prints  appear  in  relief,  being 
casts  of  the  surface  upon  which  the  impressions  were  made ; 
while  on  the  clay  corresponding  hollows  are  apparent  (as  in 
Lign.  183). 

Chirotherivm. — The  foot-prints  found  on  the  sandstones 
and  shales  above  referred  to  are  of  various  kinds ;  some  ap- 
pear to  have  been  produced  by  small  reptiles  and  crusta- 
ceans; but  the  princifial  markings  are  referable  to  some 
hrge  quadruped,  in  which  the  fore-feet  ^eT^  muck  smaller 
^Akn  the  binder  {Lign,  132).    "From  tYie  svxy^o^^^  t^^^xsv- 
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blance  of  these  imprints  to  tbe  shape  of  the  human  hand,  the 
name  of  Chirotherium  was  adopted  to  designate  the  animals 
which  left  these  enigmatical  "footsteps  on  the  sands  of 
Time."     Since  the  discovery  of  the  bones  of  gigantic  Sauro- 


Lnx.  132.— Natural  casts  op  the  foot-marks  of  the  Lab\rinthouon  (CmROTHX 

RIUM)  AND  CASl-S  OF  SUN-CRACKS,  ON  SANDSTONE ;  FROM  HiLDBUROHAUSKN. 


Fig.  1, 1,  Imprcsfcions  of  the  hinder  feet.    2,  2>  Imprints  of  the  fore  feet. 

fOne-*iffUh  the  natural  aizt.J 

IThe  imprintt  in  thi$  esampU  art  not  right  and  l^t,  but  are  part*  cftwo  traeka.2 

batrachians  in  the  same  strata,  it  has  been  suggested  that 
the  footmarks  were  produced  by  some  of  the  large  Laby- 
rinthodons ;  a  conjecture  highly  probable,  for  the  fore  and 
hind  feet  of  many  of  the  frog-tribe  are  as  dissimilar  in  size 
as  those  of  the  so-called  Chirotherium.* 

15.    OeNITHOIDICHNITES,  OE  fossil  rOOTPRINTS  EESEMB- 

Liif a  THOSE  OF  BiEDS.  —  In  the  United  States  of  North 
America,  a  group  of  strata,  which,  as  far  as  the  imperfect 

•  See  Dr.  Buckl«nd*s  '*  Bridgewater  Treatises  "  for  figures  and  further 
details.    A  fine  ernes  of  specimens  of  ChitollienaQ.  \TK^Yfli\&  ^T^Na.*^^ 
Brit,  Mas.  Collect,    Petnfaetiona,  p.  63.     See  «i\so  ^eo\»  '^wsfiSiRX.  ^ 
ser.  vol,  vj.  p.  537,  and  Geol.  Soc.  Joura.  y6\.  ix.  ^.  '^ . 
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evidence  afforded  bj  their  fossils  can  show,  appear  to  belong 
to  the  Triassic  system,  occur  in  the  vallej  of  the  Connecti- 
cut river,  stretching  through  the  states  of  Connecticut 
and  Massachusetts ;  and  a  band  of  similar  deposits  ranges 
from  beneath  the  Palisadoes  of  the  Hudson  to  the  inte- 
rior of  Virginia .♦  The  materials  are  red  shale  and  argil- 
laceous sandstone,  with  detached  beds  of  conglomerate.f  It 
is  on  the  surface  of  the  laminated  argillaceous  sandstones  of 
this  system,  and  principally  in  the  valley  of  the  Connecticut, 
that  occur  those  mysterious  characters  on  which  the  saga- 
city and  unremitting  labours  of  Professor  Hitchcock  have 
thrown  so  much  light ;  X  but  still  the  nature  of  the  animals 
by  which  the  foot-prints  were  made  is  involved  in  obscurity, 
for  no  vestiges  of  the  skeletons  of  the  bipeds,  the  linea^ 
ments  of  whose  feet  are  so  vividly  apparent,  have  been  dis- 
covered. § 

The  origin  assigned  to  these  markings  was  for  a  long  while  disput'd, 
but  Professor  Hitchcock's  interpretation  is  now  generally  admitted; 

*  When  the  fossils  of  these  Virginian  sandstones,  shales,  and  coal-beds 
are  taken  in  consideration,  the  peculiar  group  of  strata  above  alluded  to 
must  be  regarded  as  having  much  of  the  character  of  the  Lower  Jurassic 
series  of  the  North  British  area.     See  above  p.  519. 

t  Professor  Henry  Rogers*  Address  at  the  Meeting  of  the  Association 
of  American  Geologists,  May,  1844. 

J  The  reader  is  referred  to  Professor  Hitchcock's  "  Report  on  the 
Geology  of  Massachusetts,*'  to  Dr.  Buckland's  "  Bridgewater  Treatise," 
to  the  **  American  Journal  of  Science,"  Transact.  Americ.  Phil.  See. 
new  ser.,  and  Trans.  Amer.  Acad.  Arts  and  Sciences,  for  many  inter- 
esting papers  by  Dr.  Deane  (who  first  drew  Professor  Hitchcock's  at- 
tention to  the  subject)  and  other  American  naturalists ;  and  to  the  *'  Me- 
dals of  Creation,"  p.  768  ;  and  **  Petrifactions,"  p.  64. 

§  Reptilian  remains  occur  in  the  Red  Sandstones  of  North  America, 
(namely,  the  Clepsysaurus,  Centemodon,  and  Bathygnathus,  Geol.  Soc. 
Joum.  vol.  xii.  p.  377).  Dr.  Emmons  has  described  the  bone  of  a  bird  from 
the  Chatham  coal-field,  in  Carolina,  probably  of  nearly  the  same  age  ;  and 
aumerous  relics  of  reptiles  (Dictyosaurus,  Omosaurus  and  Rutiodon  or 
CJepaysauTuSf  and  Compsosaurus  or  Paleeosauxvis'),  8aQ.^«om«%Ti\«^^«xGL> 
^om/uui Jaws  from  beds  of  Permian  (?)  age.  ^mexvc.  deoV  ^%.t\.  n\ A^^"\ . 


OHNITHOIDICHNITESt  OR  FOSSIL  FOOTSTEPi  OF  BIHDS.       559 


ikwif  h  ibe  discoTery  of  bones  of  birds  iii  itrata  of  thL§  epoch  u  required 
Ware  liie  question  can  be  regarded  liB  determujed.     The  number  and 
miety  of  Uiese  foqtatepg   are  so  considerable,  th^t  in   IB&3  Pfofessur 
Hitchcock  considered  ht?  had  sul!icient  data  to  warrant  their  wrangt^nietii 
in  ntimerouf  g;eaera,  eogipri&ui^  upwards  of  5 fly  species,  varying  In  isise 
ftom  half  an  inch  lo  twenty  inches  in  length  ;  the  greater  part  being  re- 
semble to  bipeds ;  whilst  about  a  dozon  quudrupeds  can  be  recognised, 
mmx  of  them  with  the  hind-feet  much  larger  than  the  fore-feet.*    The 
ibnndaitce  of  foot -prints  on  the  Connecticut  ssjidatoncs  is  explained  by 
mpposhig^  the  strata  to  have  originated  from  aediuit^nts  dcpoi^ited  in  a 
liiUi  estuary  ;  and  that  various  kinds  of  birds  and  reptiles  frequented  the 
hw  mnddy  shores,  when  the  tide  receded,  in  pursuit  of  worms  and  othir 
prey;  and  that  their  footsteps  were  covered  with  a  thin  layer  of  silt  at 
etch  reflux  of  the  waves, 

Th^  following  remarks  of  Dr.  Deane  will  convey  an  idea  of  the  coloisal 
prcjpottiona  of  some  of  these  im  prints: — '*  I  have  in  my  possession  con- 
MCotive  impressions  of  a  tridactylous  foot  which  measures  eighteen  inches 
ill  length,  by  fourteen  in  breadth,  between  the  extremities  of  the  lateral 
Im8  , , . .  .  Each  stO|>  will  hold  half  a  gallon  of  water,  and  the  stride  ia 
Com-  feet."  The  ori^nal  bird  must  have  been  "four  or  five  times  larger 
iW  the  African  Ostrich^  and,  on  this  basis,  could  not  have  weighed  less 
Ikn  600  pounds  *  .  .  .  .  Every  step  the  creature  took  sank  deep  into  the 
ttratumt  and  the  sub-strata  bent  beneath  the  enormous  load.  If  an  ox 
orer  sti^ened  clay,  he  would  not  sink  aa  deeply  as  did  this  mighty 

Sir  C,  Lyell  mentions  having  seen  on  tie  banks  of  the  Connecticut 
rirer  [at  Smithes  Ferry,  near  Northampton,  eleven  miles  from  SprmgHeld) 
'' a  space  several  yarda  square  where  the  entire  surface  of  the  shale 
^  irregular  and  jagged,  owing  to  the  number  of  footsteps,  not  one  of 
iliich  could  he  traced  distinctly,  as  when  a  flock  of  sheep  have  passed 
War  a  muddy  road  ;  but,  on  withdrawing  from  thia  area,  the  confusion 
gtadually  ceased,  and  the  tmcks  became  more  and  more  distinct.''  ^ 

Borne  fine  akbB  of  tbe  aandstone,  covered  witli  several 
tmcks  of  bipeds  of  various  sizes,  collected  bj  Dr,  Peane, 
are  depoaited  in  tlie  British  Musetim.     A  representation  of 

*  Seo  "Final   Report  on  the   Geolo^  of  Mftssachusetts,**  p*  477; 
**  Elementary  Geology,"  p.  155  j  and  *'  Geology  of  the  Globe,"  p.  &8. 
t  Boelon  Journal  of  Nat.  Hist.  vol.  t.  p.  282, 
I  TmFela  In  North  Atneiica,  vol  L  p.  254. 


t 


500 


THE  WOJTOEBS  OF  GEOLOGT. 


one  of  the  small  impiints  of  the  natural  iize,  with  the  s 
fa€o  of  the  stone  marked  with  hemispherical  pita  produi 
by  a  shower  of  rain,  m  given  in  Li^n.  133, 


► 


tAmerwati  Joum.  SciaUi,  vol.  xirl.  p.  73.1  ^H 

The  enormona  magnitude  of  some  of  the  foot-printa  ^ 
formerly  deemed  an  insnperable  objection  to  the  interprf 
ation  of  these  obscure  vestiges  adopted  bj  the  Amenc 
naturalists ;  but  the  discovery  of  the  boiiea  of  tridax^tj 
birds  {Moa,  see  p.  129)  in  the  alluvial  deposits  of  I^< 
Zeiilandj  some  of  which  indicate  a  size  equal  to  that  of  t 
most  colossal  of  the  fossil  im prints ,  has  removed  that  obji 
tion,  and  shown  that  in  comparatively  modern  times,  t 
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earth  was  trodden  by  birds  as  gigantic  as  the  bipeds  that 
strode  along  the  shores  of  the  Triassic  waters. 

I  must  not,  however,  dwell  longer  on  this  inviting  sub- 
ject, and  will  only  add,  that,  while  offering  my  humble  tri- 
bute of  admiration  to  the  sagacity  and  patience  with  which 
the  subject  has  been  investigated  by  Professor  Hitchcock 
and  others,  and  fully  admitting  the  close  resemblance  of  the 
bipedal  fossil  foot-prints  to  those  of  birds,  I  consider  the  fol- 
lowing caution  of  Professor  Owen  to  be  deserving  of  the 
most  serious  attention:  —  "Foot-prints  alone,  like  those 
termed  '  Omithichnites,'  are  insufficient  to  support  the  in- 
ference of  the  possession  of  the  highly  developed  organiza- 
tion of  a  bird  of  flight  by  the  creatures  which  have  left  them. 
The  Ehynchosaur  and  biped  Pterodactyles  already  warn  us 
how  closely  the  ornithic  type  may  be  approached  without 
the  essential  characters  of  the  Saurian  being  lost.  By  the 
Chirotherian  Ichnolites  we  learn  how  closely  an  animal,  in 
all  probability  a  Batrachian,  may  resemble  a  pedimanous 
mammal  in  the  form  of  its  foot-prints."  f 

16.  Teiassic  Mammal. — Before  leaving  the  subject  of 
the  Trias,  we  must  again  allude  to  the  "Bone-bed,**  J  so  closely 
related  to  the  Lias  in  England,  but  decidedly  Triassic  in 
character  on  the  Continent.  At  Stuttgard,  among  other  very 
interesting  fossils,  it  has  yielded  to  the  researches  of  Dr. 
Plieninger  two  minute  mammalian  teeth  {Microlestes  antU 
quus).  These  have  been  described  and  figured  in  the 
"  mva  Acta,"  §  1850,   and  in  Sir  C.  Lyell's  "Manual." 

♦  The  close'resem'blaiice  of  many  of  these  North  American  foot-marks  to 
those  made  hy  recent  birds  is  most  striking.  Sir  C.  Lyell,  in  his  "  Tra- 
vels in  North  America  "  (vol.  ii.  p.  168,  pi.  7),  has  placed  this  corre- 
spondence, I  might  almost  say  identity,  in  a  strong  point  of  view,  hy  giving 
figures  of  recent  foot-marks  of  the  Sandpiper  on  hardened  red  mud,  from 
the  Bay  of  Fundy ;  these  specimens  are  now  in  the  British  Museum  and 
the  Geological  Society's  CJoUection,  for  comparison  with  the  fossil  imprints, 
t  Brit.  Assoc.  Rep.  1841,  p.  203.  J  See  above,  p.  524 

§  Nov.  Act  Caes.  Acad.  Nat.  Cur,  vol.  xx'ii.  p.  902,  pi.  71,  fig.  14  and  15. 
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Taken  in  connection  with  the  little  fossil  Mammals  from 
Stonesfield  and  Purbeck,*  and  with  Dr.  Emmons's  speci- 
mens from  North  Carolina  (which  last  are  probablj  more  an- 
cient than  the  Microlestes),  these  afford  evidence  of  the  exist- 
ence of  a  marsupial  fauna  during  the  secondary  epoch. 

17.  The  Febmiak  Foematiok. — The  group  of  strata  thus 
designated  was  formerly  termed  the  Lower  New  Sed,  or 
Magnesian-limestone  formation.  It  comprises  the  Bunter- 
Schiefer,  Zechstein,  Kupfer-Schiefer,  and  Bothliegendes  of 
the  Germans ;  that  is,  all  the  deposits  intervening  between 
the  Carboniferous  and  the  Triassic  systems.  Like  the  Trias, 
it  consists  of  a  triple  series  of  deposits,  namely,  1.  Conglomer- 
ates, sands,  and  clays ;  2.  Limestones ;  3.  Sands  and  clays. 
The  clays,  sandstones,  and  conglomerates  are  more  or  less 
coloured  by  oxides  of  iron,  and  are  associated  with  pyritous 
shales,  gypsum,  salt,  <&c. ;  some  of  the  limestones,  containing 
a  large  proportion  of  magnesia,  are  known  as  Dolomite,'^  and 
others,  retaining  a  strong  animal  odour,  are  termed  8tinJ> 
stein.  This  system  being  palsBontologicaUy  characterized  by 
a  peculiar  type  of  organic  remains,  and  by  the  absence  of 
nearly  every  species  that  occurs  in  the  newer  or  overlying 
formations,  the  Permian  is  ranked  as  the  last,  or  uppermost, 
of  the  palaeozoic  system.     (See  Synopsis,  p.  203.)  J 

•  See  above,  p.  394  and  p.  508. 

t  The  crystalline  calcareo-magnesian  rock  (termed  Dolomite,  from  M. 
Dolomieu,  who  first  pointed  out  its  mineralogical  character)  has  the 
same  external  aspect  as  granular  limestone ;  but,  instead  of  being  a  pure 
carbonate  of  lime,  contains  from  45  to  60  per  cent,  of  carbonate  of  mag- 
nesia. 

X  M.  Pictet  has  shown,  in  the  4th  volume  of  his  new  edition  of  "  Pa- 
Uontologie,"  pp.  577  and  579,  that  the  proportion  of  generic  forms  passing 
from  the  earlier  periods  to  the  Permian  is  56  per  cent.;  whilst  of  those 
receiyed  by  the  Trias  from  older  periods  the  proportion  is  only  33  per 
oant.  He  considers  that  the  pateontological  difference  of  the  Carboni- 
Atmi$  period  and  the  Permian  may  be  appioTL\.m«A.VicVj  *ycv^v^«.\a^  Vs^ 
fSS^"  whilst  "  60  "  may  indicate  that  between l\ie  ^etm\«cv  wA'^xSaa, 
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In  the  central  part  of  England,  and  extending  from  the  neighbourhood 
of  Nottingham  to  the  south-eastern  extremity  of  Northumberland,  red 
marls,  sandstones,  and  breccias  form  the  lowermost  Permian  strata,  and 
are  regarded  as  the  equivalents  of  the  Rothliegendea  of  Germany ;  a  term 
applied  to  a  group  of  red  sandstones  and  conglomerates,  accompanied 
with  porphyry  and  other  old  Tolcanic  rocks,  that  constitutes  the  base  of 
the  Permian  series  of  the  Contment.  Upon  these  lower  red  sandstones 
are  magnesian  limestones,  upwards  of  300  feet  in  total  thickness,  cor- 
responding with  the  Stinkatein,  Rauchioacke,  and  Zechstein  of  Germany. 

In  the  North  of  England  the  Permian  formation  is  well  developed, 
having  four  or  more  distinct  members,  and  attaining  about  1000  feet  of 
thickness.*  In  the  Midland  Counties,  the  calcareous  element  is  almost 
absent  in  the  series,  sandstones  predominating,  and,  with  the  associated 
marls,  makmg  a  thickness  of  upwards  of  1500  feet.t  Still  further  south 
and  west  the  formation  rapidly  attenuates,  and  is  represented  by  thin 
bands  of  sandstone  and  conglomerate,  or  breccia. 

In  Somersetshire,  and  the  adjacent  country  around  Bristol,  beds  of 
conglomerate,}  formed  of  the  debris  of  older  rocks,  held  together  by  a 


*  Mr.  Binney  has  described  the  Permian  beds  of  the  North-West  of 
England  (Mem.  Lit.  Phil.  Soc.  Manchester,  vols.  xii.  and  xiv.)  as  con- 
sisting of,  1.  (at  top)  Red  and  variegated  gypsiferous  marls  (300  ft. 
thick) ;  2.  Magnesian  limestone  (10  ft.) ;  3.  Conglomerate  (350  ft.) ; 
4.  Red  sandstones  and  marls  (500  ft.).  Below  these  is  the  red  and  varie- 
gated sandstone  of  Whitstable,  which  Mr.  Binney  is  disinclined  to  re- 
gard as  Permian. 

In  the  "Annals  Nat,  Hist.**  2  ser.  vol.  xix.  p.  33,  &c.,  Mr.  R.  Howse 
describes  the  Permian  series  in  Durham  as  consisting  of,  1.  (at  top)  Red- 
dish sandstone  (Lower  Bunter?);  2.  Upper  yellow  limestone  (100  it. 
thick);  3.  Botryoidal  limestone  (150  ft.);  4.  Cellular  limestone  and 
shell-limestone  (150  ft.)  ;  5.  Compact  limestone  and  conglomerate  (200 
ft.) ;  6.  Marl-slate  (3  feet).  These  are  underlaid  by  sand  and  red  sand- 
stone, which,  containing  fish-remains  and  plants  of  species  proper  to 
the  Coal-measures,  are  referred  by  Mr.  Howse  to  the  Carboniferous  se- 
ries, though  hitherto  regarded  as  the  equivalent  of  the  Roth-liegendes. 

t  See  Mr.  Jukes's  description  of  the  structure  of  the  South  Stafford- 
shire Coal-field,  in  the  "  Records  of  the  School  of  Mines,**  vol.  i.  p.  160 ; 
and  Prof.  Ramsay *s  Notice  of  the  Permian  rocks-near  Bridgenorth,  Quart. 
Geol.  Joum.  toI.  xi.  p.  188. 

J  Mem.  GeoJ.  Surr.  vol  i.  p.  239.    See  Mt.  SwaAeittfs  <^^th^>1v5»\»  ^tw 
the  possibly  Triasaic  age  of  this  conglQmerate,Bn.l.Ks*oc.\'^Aa,%^^'v..^»'^- 
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dolomitic  cement,  are  spread  nnconformably  over  the  carboniferous 
strata,  filling  up  the  irregularities  and  hollows  of  the  surface  of  the 
mountain-limestone,  &c.,  occasioned  by  the  dislocations .  and  fractures 
which  those  rocks  had  sustained  by  disturbing  forces,  before  the  deposi- 
tion of  the  Permian  deposits.  This  conglomerate  is  made  up  in  great 
part  of  pebbtes  and  fragments  of  mountain-limestone,  millstone-grit,  coal- 
shale,  and  other  detritus  of  the  strata  on  which  it  reposes ;  and  contains 
fractured  and  water-worn  bones  of  Saurians,  teeth  of  fishes,  &c.  It  is 
well  displayed,  overlying  the  coal-strata  and  mountain-limestone,  near 
Clifton  in  the  valley  of  the  Avon,  and  at  Portishead,  and  other  places  in 
the  vicinity.* 

In  Devonshire  is  a  peculiar  conglomerate  or  breccia,  referred  by  Sedg- 
wich  and  De  la  Beche  to  the  Permian  formation,  and  the  structural  cha- 
racters of  which  point  to  the  probable  fact  of  eruptions  of  lava  having 
been  locally  discharged  into  the  Permian  sea,  and  to  have  cemented  toge- 
ther the  water-worn  materials,  so  as  to  form  a  trap-conghmerate ; — such, 
at  least,  seems  to  have  been  the  origin  of  the  amygdaloidal  trap,  as  it  is 
termed,  in  the  vicinity  of  Exeter.f  A  few  miles  to  the  south  of  that 
city,  masses  of  a  rock  of  this  kind  are  interposed  between  beds  of  sand- 
stone ;  the  general  appearance  of  the  stone  is  that  of  a  granular  rock, 
somewhat  loosely  compacted,  of  a  purplish-brown  colour,  interspersed 
with  minute  portions  of  calcareous  spar,  mica,  and  indurated  clay  tinged 
by  copper  or  manganese.  It  is  full  of  small  ovoidal  cells,  which  are 
either  filled  or  lined  with  manganese,  calc-spar,  or  jasper;  a  structure 
termed  in  geology  amygddloidaly  or  almond-like :  the  substance  of  the 
rock  is  an  earthy  felspar. 

Another  interesting  feature  of  the  Permian  series  is  a  breccia,  or  con- 
glomerate of  pebbles  and  angular  stones  imbedded  in  a  red  marly  matrix,  J 
belonging  to  the  lower  portion  of  the  series,  and  occurring  over  a  large 
extent  of  country  in  Worcestershire  and  South  Staffordshire.  It  con- 
sists of  more  or  less  worn  fragments  of  quartz,  slates,  traps,  sandstones, 
and  fossil iferous  rocks,  many  of  which  are  traceable,  in  Prof.  Ramsay's 
opinion,  to  parent-rocks  in   the  Welsh  border-country,  sometimes  50 


•  The  dolomitic  conglomerates  near  Bristol  and  on  the  Mendip  Hills 
are  ably  described  by  Biickland  and  Ck)nybeare,  Geol.  Trans.  2nd  ser. 
vol.  i.  p.  291. 

t  Geology  of  England  and  Wales,  p.  294 ;  Geol.  Proceed,  vol.  ii.  p. 
196;  De  la  Beche's  Report,  Devon,  &c.,  p.  203. 

X  Phillips,  Mem.  Geol.  Survey,  vol.  ii.  part  i.  p.  112;  Ramsay,  Quart 
Geol.  Journ.  vol.  xi.  p.  155,  and  Notices,  Roy.  Instit.  April  24th,  1857. 
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mBea  distnant  From  ikm  i^iicumatanCGj  and  on  account  of  the  size, 
inpitaniy*  amoothuesSf  and  sLriuted  appearance  of  muiiy  of  the  sioneSi 
Piof»  Rittnsay  couj^idcra  that  th^y  could  have  been  transported  aiid 
bruui^hL  together  only  by  the  ag^erity  of  flyatiiig-  ice ;  just  aa  the  bun  Id  era 
of  ihi*  Pleistocene  drift  *  are  aLknowledged  Lo  have  been  borne  from  {n'eat 
dkiaDces  and  accumulated  by  metma  of  icebergs  and  coaat-ice, 

IS.  Haokesijjj"  Limestone  ok  Dolomite* — The  mag- 
nesian  limestone  of  England  is  regularly  Btratifiedj  and, 
when  recently  exposed,  has  a  grannlar  or  Baccharine  struc- 
ture, with  a  glimmering  lustre ;  the  colour  is  generally 
either  a  pale-fa wHj  sal m on,  or  yellow^  irom  hydrate  of  iron, — 
or  red,  from  oxide  of  iron.  The  hard  varietiea  yield  some  of 
the  best  huUding-atone  in  England  4 

In  many  places  the  limestone  occurs  in  large  coticnitional  and  hotry- 
oidal  masses  ;  the  concretions  -rarying  from  the  size  of  smali  peas  to 
that  of  large  cannon-halla ;  and  these  are  often  grouped  together  like 
bimchfii  of  ^apes,  or  masses  of  chain-shot-  Ou  the  coast  of  Durham, 
t3»  whole  clifl'  is  made  up  of  large  coucretional  clualei-s,  resenibting  pik^ 
of  cannon-balls.  Thii>  pJienomenon  iB  best  seen  near  Sunderland,  and  along 
tbe  shore  near  Marsdcn  and  Black  Hocks ;  where  it  is  associated  with 
other  en rions  and  interesting  modifications  of  concrctional  action.  J  These 
toBSsei  offer  a  benntiful  illustration  of  spheroidal  structure^  superinduced 
OD  stTmtiJied  detritus  after  tls  d^poaUumj  for  the  sedimentary  lamina 
pMS  through  the  globular  concretions  iminterruptcdly.  The  limestone  ii 
eoi&aiouly  traversed  by  veins  and  strings  of  carbonate  of  lime,  and  occ*- 
riflnally  contairyj  hollow  spheroids  of  calcareous  spar  and  eryslals  of  sul- 
phate of  strontian  and  baryies*  Galena,  or  aulphtde  of  lead,  sulphide  of 
nnc,  ealaminOj  and  (srhonate  of  copper,  also  occur  ;  and  some  veins  of 
Ulena  m  the  Mendtp  Hills  have  yielded  profitable  retvirns.§ 

•SecToLL  p*217.  &c 

t  The  New  Houses  of  Parliament  at  We«tminstcr  are  constructed  ei- 
telBilly  of  magnesian  Hmestone,  from  quarries  at  North  Anstone  ia 
Totl;ihirei  md  near  Worksop  in  Noltirghamshire. 

E  B«e  an  admirable  Memoir,  "On  the  Geugraphical  Relatioua  and 
"*«nii  ftructure  of  the  Magnesian  Limestone/*  by  the  Rcw  Adaui 
Sedfwick,  GeoL  Trans.  2nd  Ser,  voL  iii.  p*  37 

I  Geolthgy  of  England  and  W&Je?,  p.  304* 
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19.  FeBMIAK  OF  G-EBMAKY  AND  EussiA.  —  In  ThuTl 
gia*  and  Saxony  the  magnesian  limestone  {Stinkstein^  JSauc 
wackcy  and  Zechstein)  is  largely  developed,  and  is  underla 
bj  a  thin  band  of  dark  bituminous  shales  highly  charg 
with  copper-pyrites,  which  is  termed  the  Ku^fer-Schiefi 
These  shales  have  long  excited  the  attention  of  naturalis 
from  the  number  and  yariety  of  the  fossil  fishes  they  contai 
and  the  peculiar  mineralized  condition  in  which  these  reli 
occur;  specimens  from  Eisleben  near  Mansfeld,t  a  eel 
brated  productive  locality  of  these  ichthyolites,  are  to 
found  in  almost  every  museum  in  Europe.  These  fish< 
which  principally  belong  to  the  genera  PaUeoniscua^  Py^ 
pterus,  and  Platysomus,  are  generally  in  a  contorted  stal 
apparently  the  effect  of  violent  convulsions  attendant  < 
their  sudden  destruction.  The  appearance  of  a  violent  dea 
presented  by  these  Ichthyolites  is  regarded  by  M.  Agasf 
as  entirely  deceptive :  and  he  states  that  the  bent  and  twist 
condition  of  the  body  is  solely  attributable  to  muscular  co 
tractions  during  decomposition  after  life  was  extinct.J  T 
specimens  are  splendidly  invested  with  copper-pyrites,  ai 
their  scales  often  have  the  appearance  of  burnished  go] 
The  bodies  of  the  vertebrae  of  the  spinal  column  are  almc 
always  wanting.  § 

The  researches  of  Sir  R.  Murchison  and  his  colleague 
have  shown  that  the  Permian  system  in  European  Rust 

*  The  elaborate  memoir,  by  Sir  R.  Murchison  and  Prof.  Morris, 
the  Palaeozoic  rocks  of  the  Thuringerwald  and  the  Harz,  comprises 
clear  exposition  of  the  relations  of  the  Permian  rocks  of  these  distric 
Quart.  Journ.  Geol.  Soc.  vol.  xi.  420,  &c. 

t  An  account  of  this  locality,  and  a  geological  Map  of  the  distr 
west  of  Halle,  are  given  by  M.  Paul  Herter  in  the  Transact.  Nat.  Hi 
Soc.  of  Halle,  vol.  iv. 

X  Recherches  sur  les  Poissons  Fossiles,  tome  ii.  p.  70. 

§  Medals,  p.  601. 

U  Russia  in  Europe  and  the  Ural,  chap.  viii. 
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consists  of  Bfcrats  eimilap  to  the  great  group  of  red  and 
variegated  marlsj  BandstoneBj  conglomerates,  and  associated 
magiieaiati  limestoneSj  of  England  and  Germany,  and  reposes 
OE  the  Carboniferous  deposits.  It  extends  over  aa  area 
4,000  miles  in  circumference;  a  space  equal  to  twice  the 
surface  of  the  kingdom  of  France. 

The  Permian  deposits  of  Euasia,  which  occupy  so  vast  a 
region  to  tiie  eaat  of  the  river  Volga,  namely,  in  the  govern- 
ments of  Kasan,  Yiatka,  Pernio  and  Orenburg,  are  composed 
of  calcareous  flagstones,  with  gjpeumj  red  and  green  grits 
and  shells  (with  copper-ores  and  plant-remainfl)  j  magiietsian 
limestones  and  marlstones;  conglomerates,  red  and  green 
Baadatones,  &c.  It  is  worthy  of  remark,  that  the  plant- 
remaiJifl,  the  fossil  reptiles,  and  the  coppery  beds  are  in 
Enssia  found  frequently  above  the  greiit  bands  of  limestone, 
wbilst  in  Germanjj  on  the  contran\  they  occur  below  the 
limestones. 

20,  Fossils  of  the  PuitMrAN  System. — The  fauna  and 
flora  of  this  formation  are  invested  with  peculiar  interest^ 
becan&e  they  present  us  with  the  last  term  of  the  palieozoic 
creation,  that  ancient  type  of  organic  life  which  prevailed 
from  the  earliest  periods,  affording  any  evidence  of  the  pre-* 
leace  of  living  things  in  the  waters  or  upon  the  surface  of 
planet.  For  the  two  grand  changes  in  the  organic  worlds 
U  demonstrated  by  fossil  remaiTiSj  are  unquestionably  those 
which  separated  the  palaeozoic  ages  from  the  secondary,  and 
lie  latter  from  the  tertiary.  There  are  no  less  than  16G 
species  of  fossil  plants  aud  animals  from  the  Permian  deposits 
wisich  have  been  accurately  determined ;  of  these  148  are  nn- 
Wim  in  any  other  formation. 
^_  ^knU. — The  plants  are  in  great  part  referable  to  genera 
^Beommon  in  the  coal-measures,  but  very  rare  or  altogether 
^n  wanting  in  the  formations  above  the  Permian  ;  for  example, 
'  species  of  Lepidodeudran^  I^otg^erathia^  OdontopteriM^  PeeO' 
P^^Hif  ^pfietiopt^riSf  snd  Oalamitm^  indicating  a  coi\tm\m\kiM 
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of  vegetable  life  of  the  same  nature  as  that  which  prevailed 
during  the  Carboniferous  era. 

Near  Chemnitz,  in  Saxony,  silicified  stems  of  tree-ferns 
(Fsaronites)  occur*  numerous  trunks  of  coniferous  trees 
(Araucarites)  are  common  in  the  Eothliegendes  at  Kyf- 
hausen  ;  and  other  plant-remains  are  met  with  near  Zwickau 
and  elsewhere  in  the  same  kingdom.*  At  Allesley,t  near 
Coventry,  silicified  trunks  of  coniferous  trees  have  been  found 
in  the  Permian  sandstone  (formerly  referred  to  the  New  Red)  5 
and  other  plant-remains,  such  as  Caulerpites,  Breea,  Lepido- 
dendron,  and  Catamites,  are  mentioned  by  Professor  Ramsay^ 
as  having  also  occurred  in  these  beds  in  "Warwickshire. 

21.  Inteetebeata  op  the  Pebmiait. — The  Badiaria^ 
Mollusca,  and  Articulata  occurring  fossil  in  the  Permian  rocks 
of  England  and  Ireland  have  been  described  with  much  care 
by  King,§  How8e,||  and  Kirkby,ir  who  enumerate  upwards 
of  130  species.  Tragos,  Dentalina,  Spirillina,  Calamopora, 
Spirorbis,  Cythere,  Prosoponiscus,  Fenestella,  Strophalosia, 
Monotis,  Bakevillia,  Schizodus,  Turbo,  Chemnitzia,  Pleuro- 
tomaria,  and  Nautilus  are  the  principal  genera.** 

22.  Fishes  of  the  Peemian. — T^e  fishes  of  this  system 
comprise  beween  forty  and  fifty  species,  belonging  to  sixteen 
or  seventeen  genera  -.ft  most  of  these  genera  and  a  few  of  the 
species  occur  also  in  the  Carboniferous  series  of  rocks.     All 

*  Gulbier'sVerstein.  Permisch.  Syst.Sachsen^andGeinitz'sSleinkohl. 

t  Geol.  Proceed,  vol.  ii.  p.  439. 

X  Quart.  Geol.  Journ.  vol.  ix.  p.  198.  Prof.  King  enumerates  seven 
Permian  plants  in  his  Monograph,  Pal.  Soc.  185G. 

§  Monograph,  Palseontog.  Society,  1850;  and  Ann.  N.  H.  vol  xvii. 

11  Annals  Nat.  Hist.  1857,  vol.  xiii.  pp.  33,  304,  and  4G3. 

%  Quart.  Jouni.  Geol.  Soc.  vol.  xiii.  p.  213. 

•*  A  comparative  table  of  the  fossil  animals  of  the  Permian  system,  as 
far  as  known  in  1845,  is  given  in  the  '*  Geology  of  Russia,"  vol.  i.  p.  221. 
Schlotheim,  Reuss,  Schauroth,  &c.  have  described  the  Permian  fossils  of 
Germany. 

tt  About  seven  of  these  genera  occur  in  the  Permian  rocks  of  England. 
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tbe  ifbtbyolites  of  tbis  group  possess  that  remarkable  modi- 
fication of  the  tail  which  we  have  already  mentioned  as  haying 
been  of  excessive  raritj  in  the  fiahes  of  the  second arj  and 
tertiary  aeas,  n&  well  aa  in  those  that  inhabit  the  existing 
ocean ;  m  which  the  Sharka  and  Sturgeons  are  almost  the 
only  representatives  of  this  palieozoic  type.  The  caudal  fin 
I  k  univeraally  heteroeeroal ;  that  iSj  the  vertebral  column  is 
^[prolonged  at  its  extremity  into  the  upper  lobe  of  the  tail  * 
^■Oue  of  the  most  striking  ichthyological  features  of  the  Per* 
^Pmian  deposits  is  the  prevalence  of  fishes  of  the  genus  Falw- 
I  mUms^f  of  which  several  species  abound  in  tbe  Permian  and 
I  Carboniferous  strata  of  England,  Europe,  and  North  Americai 
These  fishes  belong  to  the  heterocercal  ganoids^  and  are 
covered  with  rhomboidal  scalesj  which  in  some  species  ard  I 
Tery  small,  and  in  others  large.  In  one  locality  near  Dun* 
gmnon,  in  Ireland,  a  small  species  is  sometimes  found  in 
groups  of  more  than  two  hundred  in di\d duals  on  a  slab  of 
stone  not  exceeding  two  feet  square.     One  species  only  of 

Itk  genus  {Falmoniscus  superstes)  has  been  identified  in  the 
23.  Be^tiIiEb  of  thu  Permian, — The  earliest  certain  in- 
I  iieEitioQs  of  the  existence  of  reptiles  on  our  globe  have  been 
i  I  obtaiEied  from  the  deposits  of  the  Carboniferous  and  Bevo- 
l  I     mn  fonnations  ;  for  neither  teeth  nor  bones  of  animals  of  a 

I^her  order  than  fishes  hare  been  discovered  in  any  of  the 
more  ancient  formations. 
The  ArchegoBauri  of  Saarbruck,  the   Dendrerpelon  and 
M^het^g  of  Nova  Scotia,  the  Parabuiractts  of  Carluke,  and 
' 
: 


•  See  figure  of  the  restored  figure  of  ih^]Amblyptenu  if,g.  183,  p,  77t>) 

I  *A  ibi]  Carboniferous  sysLem,  in  wbicli  a  marks  ibe  prylongatiou  of  the 

I  ^'^rteWal  ealumn  into  the  upper  lobe  of  ihe  caudal  ^n  i;^  ibia  tish  in  a  good 

liistraiioa  of  the  heitrocercal  type ;  and  the  Lepidptui  of  the  Weiiliien 

1  (X*?ft,  lU5ip.  423)  adbrdd  an  example  of  tbe  homocercal  fUb, 

t  Professor  Sedgwick 'a  memoir,  Gto/.  Truns.  2  aer.  vol.  iii.  b  accom- 
I  fwued  by  numerous  l^gurua.  of  Paljcouisci  (pL  8  and  9),  See  also  Agasaiu, 
I  l^cU.  Fois,  YoL  u.,  and  Kiwi's  Monogr.  Perm.  Fo»a»  ISbO. 
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some  lately  discovered  reptilian  footprints  in  the  coal-shale 
of  Deane  Forest,  well  represent  the  reptilian  forms  of  the 
Carboniferous  period,  when  evidently  there  were  many  cold« 
blooded  quadrupeds  coeval  with  the  luxuriant  flora  of  the 
coal.*  The  little  Telerpeton  Elginense  f  and  some  probably 
chelonian  footprints  remain  as  evidences  of  the  Devonian 
reptiles — the  oldest  yet  known ;  and  in  Pennsylvania  rep- 
tilian foot-tracks  occur  both  on  the  Carboniferous  and  the 
Devonian  rock-surfaces.J 

In  some  of  the  Permian  rocks  reptilian  remains  are  not 
unusual ;  and  indeed  they  form  important  characteristics  of 
these  deposits.  The  bituminous  Kupferschiefer  of  Thu- 
ringia  has  yielded  the  Protosaurus  (the  "  fossil  monitor  of 
Thuringia,*'  for  a  long  time  the  oldest-known  reptile)  ;  the 
copper-bearing  Permian  conglomerates  of  Kussia  are  some- 
times rich  with  bones  of  reptiles ;  in  the  dolomitic  conglom- 
erate of  Somersetshire  the  remains  of  large  thecodont  §  lizards 
have  been  found ;  and  similar  forms  occur,  according  to  Dr. 
Emmons,||  in  the  Permian  strata  of  the  Chatham  coal-field  in 
North  Carolina. 

Thecodontosaurua  and  Palaoeaurtis. — These  British  fossila 
were  obtained  from  Redland,  near  Bristol,  and  are  preserved 
in  the  museum  of  that  city ;  they  consist  of  jaws,  teeth,  ver- 
tebrae, and  bones  of  the  extremities,  referable  to  two  genera, 
of  saurians,  named  as  above  by  Dr.  Riley  and  Mr.  Stuchbury, 
by  whom  they  were  first  made  known.lf  The  teeth  are  pointed^ 
compressed  laterally,  trenchant,  and  finely  serrated  on  th& 
edges.     These  reptiles,  in  their  thecodont  type  of  dentition , 

*  Medals,  vol.  ii.  p.  748.  f  Medals,  vol.  ii.  p,  720. 

X  American  Journ.  Science,  new  ser.  vol.  i.  p.  268,  and  vol.  ii.  p.  25  ^ 
and  Medals,  vol.  ii.  p.  749. 

^  Thecodont;  i.  e.  having  the  teeth  implanted  in  distinct  sockets,  as  ix^ 
the  crocodile. 

II  American  Geology,  part  6,  1856,  p.  85. 

V  Geological  Transactions,  2nd  ser.  vol.  v.  p.  359,  pi.  29  and  30. 
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biconcave  vertebwe,  double-headed  riba,  and  proportionate 
ike  of  the  boaea  of  the  ejrtremities,  are  nearly  related  to  the 
Teleosaurua  of  the  Oolite  (p,  532)  j  but  combine  a  lacertian 
foim  of  tooth  and  struct ure  of  the  pectoral  arch  with  these 
crocodilian  characters :  and  the  bodies  of  the  vertebrae  have 
a  series  of  ventricoee  excavationi  for  the  spinal  chord ^  instead 
of  a  cj  Lindricttl  canaL  The  reptile  found  in  tbe  copper-shales, 
aad  termed  the  "  Thur ingian  fossil  monitor  "  (Protorosaurus) , 
appears  to  be  related  to  the  thecodont  saurians  of  Bristol. 
The  spinous  processes  of  the  dorsal  vertebr©  are  described 
B6  remarkably  high,  and  tbe  caudal  vertebrsB  are  character- 
iied  by  double  diverging  spinous  processes, 

Mopalodon* — Fragments  of  jaws  with  teeth,  and  a  few 
detached  teeth,  of  thecodont  reptiles^  apparently  related  to 
tbe  Briatol  saurian s,  are  amongst  the  reptilian  remains  oh- 
tamed  from  the  Permian  deposits  of  Buasia.  They  are 
figured  and  described  by  M,  ^Fischer  under  the  generic  name 
Rhopalodon,* 

From  what  has  been  advanced  respecting  the  fosails 
Mtherto  found  in  the  Permiau  formation,  it  appears  that 
tke  organic  remains  are  distinct  from  those  of  the  contigu- 
otis  upper  system  or  Trias,  and  present  a  close  relation  to 
tbe  types  which  characterize  the  lower  deposits, 

24.  Eeftlles. — As  the  multitude  of  reptilian  forms  with 
wtich  we  have  been  surrounded  in  our  progress  through  the 
fcaaas  of  the  secondary  epochs  disappears  with  the  Triassic 
epoch,  and  as  the  reptiles  of  tbe  Paleozoic  system  are  com-i 
pwatively  limited  in  number*  I  will  here  offer  a  few  general 
oljBervations  on  this  class  of  animals,  that  the  unscientific 
inquirer  may  be  enabled  tn  comprehend  the  inferences  that 
irise  from  the  facts  submitted  to  his  notice. t 

•  Sur  le  Rhopalodoti^  genj-f!  de  Saurien  Foagile  du  versant  occLdental 
^  rOura] ;  par  G.  Fischer  d&  Waldheim,  Mmcon,  1841,  and  Bullet, 
tioc.  KaL  Moacou,  184 5. 

t  See  **  Medals  of  Crealion/'  roL  ii.  eliap.  xtU.>  foT  %  MlW  t^m^tii- 
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All  animals  possess  organs  by  whicli  a  certain  change  is 
effected  in  the  circulating  fluid,  to  refit  it  for  the  purposes 
of  nutrition.    Mammals,  birds,  and  reptiles  are  furnished 
with  an  apparatus  of  areolar  and  vascular  tissue,  termed 
lungs,  by  which  a  large  surface  of  the  blood  is  brought  in. 
contact  with  the  air ;  in  aquatic  vertebrates  (fishes)  this  ap- 
paratus is  the  gills,  which  are  organs  fringed  with  innumer- 
able processes,  supplied  by  myriads  of  vessels,  disposed  lik© 
net-work,  by  which  the  blood  is  exposed  to  the  action  q£ 
aerated  water,  oxygen  absorbed,  and  vitality  maintained. 
In  Eeptiles,  the  respiratory  organs  are  less  developed  than, 
in  any  of  the  other  vertebrated  animals,  but  they  all  possess^ 
lungs,  and  are  capable  of  breathing  air :  and  some  have  gills^ 
and  perform  aquatic  respiration.    The  heart,  which  is  gener—— 
ally  three-chambered,  is  so  disposed,  that  at  each  contrac— — 
tion  only  a  'portion  of  the  volume  of  blood  is  sent  to  th^s 
lungs ;  hence  the  action  of  oxygen  on  the  circulating  flui^B 
is  in  a  less  degree  than  in  any  of  the  mammals,  birds,  oi^ 
fishes.    As  animal  heat,  the  susceptibility  of  the  muscles  tcr::^ 
nervous  influence,  and  even  the  nature  of  the  skin,  are  de- 
pendent on  respiration,  the  temperature  of  Eeptiles  is  low —  - 
and  their  muscular  powers  are,  on  the  whole,  very  inferior* 
to  those  of  Birds  or  Mammals :  requiring  no  integument^E-- 
as  hair,  wool,  or  feathers,  to  preserve  their  temperature,  the^^ 
are  merely  covered  with  scales,  or  have  a  naked  skin.     AuC^ 
they  can  suspend  respiration  without  arresting  the  course  of 
the  blood,  they  dive  with  facility,  and  remain  under  watar 
for  a  long  period  without  inconvenience.    Some  are  vivipar- 
ous, others  are  oviparous,  laying  their  eggs,  which  they 

ation  of  the  subject.  For  a  comprehensive  and  philosophical  view  of 
this  department  of  Palaeontology,  the  English  reader  should  study  the  i 
memoirs  of  Prof.  Owen  in  the  British  Association  Reports,  1839,  184(), 
and  1841 ;  and  his  Monographs  published  by  the  Palaeontographical 
Society.  Pictet's  *  Pal6ontologie,*  also,  should  be  consulted,  both  for  the 
details  of  the  fossil  reptiles,  and  for  refeteiicea  lo  oViiet  authors. 
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never  hatch,  on  the  sands  or  banks.  Thej  present  great 
diversity  of  form ;  some  are  extremely  elegant,  others  gro- 
tesque and  hideous,  and  many  have  dermal  processes  of  the 
most  fantastic  shapes.  Their  habits  are  exceedingly  vari- 
able ;  some  are  agile,  others  torpid ;  all  hibernate,  or  rather 
relapse  periodically  into  a  state  of  dormancy,  whether  pro- 
duced by  cold,  drought,  or  excessive  moisture.  Their  pecu- 
liar structure  enables  them  to  endure  long  abstinence,  to  an 
extent  impossible  to  other  races  of  animals.  Their  seasonal 
habits,  or,  in  other  words,  alternate  periods  of  activity  and 
repose,  are  in  accordance  with  the  sudden  evolutions  of  the 
seasons.;  they  are  dormant  when  nature  does  not  need  their 
agency,  and  rouse  into  activity  when  required  to  repress  the 
redundancy  of  those  vegetables  or  animab  which  constitute 
their  food ;  a  property  strikingly  manifest  in  the  species  of 
hot  climates ;  thus  exhibiting  an  admirable  adaptation  to 
the  peculiar  conditions  of  existence  which  they  are  destined 
to  fulfil.  Some  are  herbivorous,  others  carnivorous,  and 
many  prey  on  insects ;  their  powers  of  progression  are  as 
various ;  some  orders,  though  destitute  of  fins,  wings,  or 
feet,  bound  along  the  ground  with  great  agility  (the  Ser- 
pents) ;  others  walk  or  swim ;  while  a  few  are  capable  of 
flight.* 

25.  Turtles,  or  Chelonian  Ebptiles,— In  Turtles  the 
want  of  active  faculties  is  compensated  by  their  passive 
means  of  resistance.  They  have  no  weapons  of  offence,  but  are 
enclosed  in  a  panoply  of  armour  formed  by  the  expansion  of 
the  costal  plates  above,  and  by  the  ossified  plastron  beneath. f 
The  carapace,  or  buckler,  constituting  the  shell  that  spreads 
over  the  back  of  the  turtle,  is  composed  of  bony  plates  con- 
tinuous with  the  ribs,  which,  instead  of  being  separated  by 
intervals,  as  in  other  animals,  are  imited  together  by  the 

•  The  Dreuo  volans,  or  Flying  Dragon. 

f  See  Owen,  "On  the  Carapace  and  Plastioii o^  CVift\ci\C\«a.'eoe^N:^«i%r 
PliR  Transiict,  1849,  p,  151. 
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costal  plates.  Thus  in  the  delicate  and  agile  form  of  the 
Serpent,  and  in  the  heavy  and  torpid  mass  of  the  Turtle,  the 
same  general  principle  of  structure  prevails,  and,  by  a  sim- 
ple modification,  the  skeleton  is  adapted  for  beings  of  very 
dissimilar  forms  and  habits.  The  Testttdinata,  or  turtles, 
like  the  other  large  reptiles,  are  essentially  confined  to  tor- 
rid and  temperate  regions.  The  fresh-water  species  are  ca- 
pable of  bearing  a  higher  latitude  than  the  terrestrial :  upon 
the  whole  the  utmost  range  of  this  order  appears  to  be  from 
54**  N.  lat.  to  about  4/(f  S.  lat.*  The  fluviatile  species,  or 
Smydes,  are  carnivorous,  feeding  on  frogs  and  small  animals ; 
those  of  the  genus  Trionyx  (three-claw)  are  African  or 
Asiatic,  with  the  exception  of  the  Trionyx  ferox^  which  in- 
habits the  hot  regions  of  America.  They  live  upon  food 
which  is  found  at  the  bottoms  of  rivers ;  in  the  stomachs  of 
several  procured  from  the  Ganges,  by  Col.  Sykes,  were  large 
quantities  of  mussels,  the  shells  of  which  v^re  broken  into 
small  angular  fragments.  The  fossil  bones  of  a  Trionyx-like 
animal  (Trefostemon  BaJcewellt)  from  Tilgate  Forest,  were 
imbedded  in  a  mass  of  mussel-shells;  a  collocation  which 
might  be  expected  in  a  fluviatile  deposit.  The  form  of  the 
ribs  and  other  parts  of  the  skeleton  differs  in  the  Chelonians 
of  the  land,  marshes,  rivers,  and  the  sea  respectively,  so  that 
the  fossil  bones  can,  for  the  most  part,  be  readily  referred 
to  the  respective  groups. 

JFbmZ  Tortoises  and  Turtles.^ — The  earliest  indications  of 
the  existence  of  reptiles  on  the  surface  of  our  planet  are 
supposed  to  be  those  of  Chelonians ;  the  imprints  of  the  feet 
or  pats  apparently  of  a  land-tortoise  occurring  on  a  slab  of 
Devonian  sandstone  in  Morayshire ;  X  &i^d  similar  footprints 
have  been  found  in  the  millstone-grit  of  Cheshire,  §  and  are 

*  "  The  Testudinata,"  by  Thomas  Bell,  1  vol.  folio ;  one  of  the  most 
splendid  works  on  Natural  History  that  has  appeared  in  this  country, 
t  Medals,  toI.  ii.  p.  726.  %  Quart.  Geol.  Joum.,  vol.  viiL  p.  97. 

/  Ibid,  vol.  xiu  p,  350. 
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of  tnore  frequent  oeetiTrence  in  the  Permi&a  sandstone  of 
Dumfrie«ahire,*  and  the  Tria^ic  beds  at  Stourtoa  and  Eun- 
eoTDj  m  Cbeshire.  Tbrougboot  the  Oolitic,  Weal  den,  and 
Cretaceous  epochs,  Chelonisns  abounded ;  and  irom  the  most 
ineietit  Tertiary  to  the  present  time  the  four  groups  of  this 
order  of  reptOei  have  floumhed*  Their  remains,  in  great 
plenty  and  of  prodigious  size,  are  associated  with  those  of 
the  Sivatherium,  *S^.,  in  the  Sub -Him  alar  as ;  and  with  those 
of  Mastodons  in  the  Bunnese  empire,  of  PaJieotheres  in  the 
Trench,  Swiss^f  and  Isle  of  Wig-ht  tertiaries,  and  irith  fruits 
of  tropical  plants  in  the  Isle  of  Sheppey ;  their  bones  and 
^gB  are  dailj  imbedded  in  the  recent  coral-sand  of  the  Isle 
of  Ascension.  The  remains  of  living  species  of  Indian  land- 
tottoiaes  are  aaid  to  be  collocated  with  the  bones  of  extinct 
miocene  mammalia  in  the  Sewalik  hiItB4 

26*  GBOConiLES.— This  family  of  loricated  or  mailed  sau- 
ritn  reptiles  contains  the  only  living  types  that  at  all  approach 
ia  magnitude  the  colossal  forms  of  the  secondary  epochs. 
The  Egyptian  Alligator,  m  is  well  known,  attains  a  large 
me ;  and  the  long  and  slender-beaked  crocodilian  reptile  of 
India,  the  Gavial  (or  Gajial)  of  the  Ganges,  sometimes  reaches 
I  kngth  of  nearly  thirty  feet.  The  peculiar  character  of  the 
teeth  of  these  animakj  and  their  mode  of  increase  and  reuo- 
ution,  have  already  been  pointed  out  {p.  429) .  The  vertebne, 
or  bones  of  the  back^  are  concavo-eonvex  ;  i.  e.  united  to  each 
other  hy  a  ball-and -socket  joint,  the  convexity  being  behind, 
Borne  of  the  fossil  crocodiles  of  the  tertiary  also  have  this 
rtmcture  of  the  spinal  column  ;  but  in  every  crocodilian  of 
the  secondary  formations,  the  articulating  surfaces  of  the 
^ertehr^  are  eitlier  fiat  or  concave,  except  in  one  genua 
(Sir^toj^ond^itis^),  in  which  the  vertebne  are  convex o-con- 
<>TOi  I.  ff.  the  con  veil  ty  is  directed  forwards  t  a  position  tht? 
W^eree  of  the  ordinary  type.     Eeptiles  of  the  crocodilian 

•  Jtrfiuft**  Ichnology  of  Annandale,     f  PictL*t  aiid  Humhert'^  Monog. 
t  FKlcooer  wid  OtuUef.  §  Medals,  p»  68*). 
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order,  but  belonging  to  several  extinct  genera,  awanned 
tbroughout  the  whole  of  the  secondary  and  tertiary  epochs. 
As  the  living  crocodilians  frequent  fresh  water,  the  renudns 
of  animals  of  this  type  indicate  the  existence  of  countries 
watered  by  streams  and  rivers,  or  abounding  in  lakes :  but 
the  modification  of  the  spinal  column,  so  prevalent  in  the 
ancient  forms,  may,  perhaps,  be  referable  to  a  marine  rather 
than  to  a  terrestrial  condition  of  existence,  in  some  of  these 
extinct  saurians. 

27.  Enalios.vubiaks,  or  marine  Lizards.* — IchthyasaW' 
rus  {Fish-like  Lizard), — In  the  lias  of  the  west  of  England, 
teeth,  vertebrae,  and  other  parts  of  the  skeletons  of  reptiles, 
which  were  supposed  to  be  related  to  the  Crocodiles,  had  for 
many  years  excited  attention ;  but  until  1814,  when  a  con- 
siderable collection,  from  Dorsetshire,  formed  by  Mary 
Anning,  was  sold  in  London,  no  accurate  investigation  of 
these  interesting  relics  had  been  attempted.f  Subsequently 
a  great  number  of  skeletons  have  been  found,  numerous 
memoirs  published,  and  the  form  and  structure  of  the  ori- 
ginals thoroughly  investigated.  Many  beautiful  specimens 
are  figured  and  described  in  the  splendid  work  of  Mr.  Haw- 
kins, whose  unrivalled  collection  of  these  remains  is  now  de- 
posited in  the  British  Museum  .J  The  bones  of  reptiles  so 
abundant  in  the  Lias  are  chiefly  referable  to  two  genera ;  the 
one  called  Ichthyosaurus  (by  Mr.  Konig),  to  denote  its  rela- 
tion to  fishes  and  reptiles ;  the  other,  FUsiosaurus  (so  named 

*  Medals,  p.  663. 

t  See  No.  I.  of  Charlesworth's  "  London  Geological  and  Paleeontolo- 
gical  Journal,"  for  an  account  of  the  sale  of  this  collection. 

X  **  Memoirs  of  Ichthyosaur  and  Plesiosaur ;"  by  Thomas  Hawkins, 
folio,  with  Plates,  1838  ;  and  "  Book  of  the  Great  Sea-dragons,"  folio, 
with  Plates,  1 840.  Fully  to  realize  the  external  form  and  general  cha" 
racter  of  the  Ichthyosauri  and  Plesiosauri,  the  student  must  visit  the 
Crystal  Palace  Gardens,  and  make  himself  acquainted  with  Mr.  Water- 
bouae  Hawkins's  life-sized  models  of  t\iese  eTi\.\Tvc\.  «e^-x«^Nj^«ft%  ^ccA&tist 
models  of  which  aifo  are  obtainable  for  slud^  m  \!^e  cQiXyoieX.. 


y  Mr.  Conjbeare),  to  indicate  tlmt  it  approached  nearer  tban 
the  animals  of  the  other  genus  to  the  Lizards,  or  SauHans, 

The  IchthyosanniB  had  tlie  beak  of  a  porpoise,  the  teeth 
of  a  crocodile,  the  head  and  stertiimi  of  a  lizard,  the  paddles 
of  a  cetacean,  and  the  vertebrse  of  a  fi&h.  This  restoration 
{lAgn.  lr^4)  shoT^a  jtg  general  confi^ration,  ae  demonstrable 
from  the  skeleton  ;  from  the  peculiarity  of  tKe  terminal  ver- 
tebrsD  of  the  tail,  Prof,  Owen  concludes  that  the  orijE^nal  had 
a  strong  vertical  tail- fin.*  There  are  many  species,  some 
of  which  are  of  a  magnitude  equal  to  that  of  young  whale?* 
The  teeth  are  conical,  sharp,  and  striated,  resembling  those 
of  crocoddes  in  the  power  of  Tcproduction,  but  diftering  in 
the  number,  situationi  and  mode  of  regeneration  i  one  species 

■^bas  110  in  the  upper,  and  100  in  the  lower  jaw ;  they  are 
~  arranged  in  a  deep  furrow  or  groove,  not  in  sockets,  and 
were  retained  only  by  the  integuraents.  The  orbit  is  very 
large,  and  the  sclerotic  or  outer  coat  of  the  eye  is  made  up 
of  thin  bony  plates,  arranged  round  the  central  opening  or 
pupil,  as  in  the  owl  and  other  birds  ;  a  mechanism  by  which 
the  power  of  the  eye  is  materially  increased,  and  iision 
adapted  to  near  or  remote  objects  at  wilL  The  bones  form- 
ing the  sternum,  or  chest,  which  protect  the  organs  of  re- 
spiration,  are  strong,  and  largely  developed,t  and  the  sternal 
arch  offers  a  remarkable  correspondence  witli  that  of  the 
Ornithorhyncus  of  Australia. 


LmS.  m.— %1»Tf)KED  FtOtTKE  Or  THK  lOHTHTCNUUETlS. 
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Like  turtles,  tbe  lehthyoBaurus  had  four  paddles,  comj 
of  ouraeraua  bcioes  enveloped  in  one  fold  of  integumei 
&3  to  form  an  entire  fin,  as  in  the  cetacea  ;*  the  fore-pa 
Bre  large^  and  in  eome  species  consist  in  one  hundred  I 
(Li^n*  135)  J  the  liioder  pats  are  smaller,  and  contaiTi 
thirty  or  forty*  The  internal  structure  of  these  instrun 
therefore  resembles  that  of  the  paws  of  turtles ;  and  \ 
evea  the  ca»e  in  the  fin  of  the  Porpoise)  the  same  eleii 


\ 


2. 

IJO!f    lai^PADOtEH  or  THI    ICHTHTOSAUHUB  AW»  rLESIOflAUIll'Sp  Jjf   UJJt    IH 

FROxt  Lyme  Red  is. 

T\g^  1-  Left  for^-p^iildle  of  the  Ichtfajroakaruf- 

VifC^   2.  LefL  JVtrv-pitddle  of  Hit  PEp^qtaurui, 

f  Ont-tiffhth  tkt  natvrol  iit*^} 

of  an  arm  are  found  as  in  the  quadrupedal  mammalia,  i 
hutneru8,  radius^  ulna,  and  phalanges.     The  nostrils,  whi( 

•  The  soft  integuments  of  the  paddle  are  occiLsionally  preserved 
the  figure  of  a  beBUliful  example  from  Barrow-on-Soar^  Gool.  1 
2Dd9er,  vol.  vL  pL  2U,  and  Mtidak,  p.  ^^. 
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Crocodiles  are  situated  at  the  extremity  of  t"he  beak  or  muzj^lef 

are  in  the  Enaliosauri  placed,  as  in  the  Cetaeea,  beneath  the 

orbits*     The  Tertebras  are  somewhat  hourglasa-Bhaped,  byt 

les3  eo  than  in  the  sharks  and  other  fishes ;  the  spinal  eo- 

lumn  admitted  of  the  utmoat  freedom  of  mot^on^  while  in  the 

neck  the  vertebra?  connecting  the  head  to  the  spinal  column 

1   we  anehjloaed,  and  have  suppleraentary  bones  to  increase 

I  the  strength,  and  diminish  motion**     The  general  figure  of 

I  the  Ichthyoeatirus  must  have  been  that  of  a  Grampus  or 

I   Porpoise,  with  four  large  paddles.     The  teeth  prove  it  to 

I  bave  been  carnivorous  -,  the  paddles,  that  it  waa  aquatic  ■  the 

I  wales,  hones,  and  other  remains  of  marine  fishes  constantly 

I  foiind  in  the  abdominal  cavities  of  the  skeletons,  and  in  the 

I  coproUtes,t  that  it  was  an  inhabitant  of  the  sea.     Its  skin 

A  appears  to  have  been  naked,  or  at  least  destitute  of  acales4 

H    28.  The  FLiiaioaAUKUs^^The  discovery  of  a  remarkable 

W  *pecimen,  by  Miss  Anning,  enabled  Mr,  Coney  bear  e  at  once 

I  ^  establish  the  characters  of  that  extraordinary  extinct 

I  ^anne   reptile,  the   Plesiosaurus,  which  differs  from  the 

I  IchtkyoBaurus  in  the  extreme  smallneas  of  the  head,  enor 

L  ^loai  length  of  the  neck,  and  other  osteological  peculiar. 

H  '  Mcmmr  on  a  Peculifltity  of  Stracture  m  Ihe  Neck  of  the  Ichrhyo 
n*lnr(iii,  b?  Sir  P.  M.  de  Grey  E^erlon,  Geo!.  Tnins.  2nd  spr,  toI.  v*  p,  187 
t  The  Capralites^  or  fossil  escrcmenia,  of  Ichlhyosauri  (the  true  nataro 
*f  which  was  6rst  BsceTlained  hy  the  angncity  of  the  late  Deiin  of  West 
*'^mster)  are  foiind  in  profusion  in  the  claya  and  marl  clones  of  the  Lias; 
^ften  occupying  tlie  abdominal  cavity  of  the  skeleton  (see  Dr.  Btictland's 
Brider.  Treat.,  p*  190,  pi.  15)  ;  and  the  gtftte  of  preservation  of  these  ppcn- 
'i*r  bodies  is  stich,  as  to  show  not  only  the  nature  of  the  food  of  these 
**piiles,  hut  also  the  dimensions,  form,  and  structure  of  the  stomach  and 
f^^linal  canaL  The  coprolited  of  the  flshes  of  the  chalk  often  afford  like 
*^ication».     See  above,  p,  S58  j  and  MednU  of  Creation,  p.  62L 

+  Relics  of  the  aJcin  occur  in  a  fossil  state.     See  Buck  land 'a  Bridji^e- 
^ter  Trcatiae.  Plate  10,  fig.  A.  I,  2,  3,  4;  Mr.  Cole's  paper  on  the  skin 
^^  the  fchthyosanrus,  GeoL  Journal,  vol.  ix.  p»  79  ;  and  Mr.  C.  Moore's 
f^ajarks  on  theaubject,  Heport  Brit.  Assoc,  1856,  p.  69* 
J  Medals  of  GfeatioD,  p.  671. 
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itie8.*    The  neck,  which  in  most  animab  is  compoeed  of  five 
vertebric,  and  in  the  extreme  recent  example,  the  Swan,  does 


Lion.  136.— Restorbd  fiovre  of  thx  Plesioaavrcs. 

not  exceed  twenty-four,  here  consists  of  from  twenty  to 
forty ;  and  its  length  is  sometimes  equal  to  that  of  the  entire 
body  and  tail.  This  reptile  combines  in  its  structure  the  head 
of  a  lizard,  with  teeth  implanted  in  sockets  like  the  crocodile, 
— a  neck  resembling  the  body  of  a  serpent,— a  trunk  and  tail 
of  the  proportions  of  those  of  a  quadruped, — ^with  paddles 
like  the  turtle  {Lign.  135,  j^y.  2).  The  vertebrae  are  longer 
and  less  concave  than  in  the  Ichthyosaurus,  and  the  ribs, 
being  connected  by  transverse  abdominal  processes,  present 
a  close  analogy  to  those  of  the  Chameleon. 

The  collection  of  Mr.  Hawkins,  now  in  the  British 
Museum,  contains  a  skeleton  eleven  feet  long,  and  so  nearly 
perfect,  that  the  entire  form  of  the  original  creature  may  be 
completely  restored.  The  late  Dean  Coneybeare  compared 
l(he  Plesiosaurus  to  a  turtle  stripped  of  its  shell,  and  thought 
it  probable,  from  its  long  neck  presenting  considerable  im- 
pediment to  rapid  progress  in  the  water,  that  it  frequented 
the  coast,  and  lurked  among  the  weeds  in  shallow  water. 
As  it  is  evident  that  it  must  have  required  frequent  respira- 
tion, it  probably  swam  on  or  near  the  surface,  and  darted 
down  upon  the  small  fishes  on  which  it  preyed. 

Ichthyosaurs  and  Plesiosaurs  have  been  found  throughout 

the  secondary  strata,  from  the  Lias  to  the  Chalk  inclusive ; 

with  the  exception  of  the  Wealden,  in  which  no  traces  of 

*  In  the  sternum  of  the  Plesiosauiua  l\ie  corewjoid  X^Ti^i^  \wi^  ^€tt 

greatest  development.     Medals,  p.  667,  ftg.  *l\^. 
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Ichthyosauri  have  been  discovered.  Lyme  Regis  is  the  most 
celebrated  locality  in  England,  but  the  remains  of  numerous 
species  of  both  genera  have  been  discovered  in  many  places 
in  this  country  and  on  the  Continent,  in  the  Oolite  and 
Lias.  The  British  species  of  the  Enaliosauri  known  and 
described  by  Professor  Owen,  amount  to  about  twelve  of 
the  Ichthyosaurus,  and  nearly  twenty  of  the  Plesiosaurus.* 
A  group  of  Eeptiles,  nearly  related  to  the  Enaliosaurians, 
but  distinguished  (under  the  name  of  Simosatiri)  chiefly  by 
osteological  peculiarities  of  the  skull,  are  found  in  the 
Muschelkalk  and  other  strata  of  the  Trias  in  Grermany.  Of 
these  there  are  about  eight  species,  belonging  to  the  genera 
Nothosaurus,  Pistosaurus,  Conchiosaurus,  and  Simosaurus, 
which  have  been  described  by  Hermann  von  Meyer. 

29.  PTER0DA.CTTLE8,  or  Fltikg  EEPTiLES.f — In  this 
rapid  sketch,  it  will  not  be  necessary  to  dwell  on  the  first 
appearance  and  subsequent  great  development  of  the  Lacer- 
tian  tribes  through  the  periods  embraced  in  this  retrospective 
view,  as  we  have  already  noticed  at  considerable  length  the 
principal  extinct  Saurians,  whose  remains  have  been  disin- 
terred from  the  secondary  rocks.  I  pass,  therefore,  to  the 
Pterosaurians,  or  Flying-lizards,  of  the  ancient  world,  which 
unquestionably  present  the  most  extraordinary  modification 
of  reptilian  organization  which  the  researches  of  the  palsB- 
ontologist  have  brought  to  light.  "With  a  head  and  length 
of  neck  resembling  those  of  a  bird,  the  wings  of  a  bat,  and 
the  body  and  tail  of  an  ordinary  mammal,  these  creatures 
present  an  anomaly  of  structure  as  unlike  their  fossil  con- 
temporaries as  is  the  duck-billed  Platypus  or  Ornithorhyn- 
cus of  Australia  to  existing  animals.  The  skull  is  small, 
with  a  long  beak,  furnished  sometimes  with  upwards  of 
sixty  sharp-pointed  teeth ;  the  size  of  the  orbit  denotes  a 

•  British  Assoc.  Reports  for  1839,  p.  126;  and  Monog,  Cret.  Rept. 
J83J 
t  Pterodactylus,  i.  e,  Wmff-finger.—^e.fi  MeAaXsolCie^'Cvws.,^.'^'*^* 
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large  eye,  and  it  ia  therefore  probable  that  the  stiialler  ape 
eies,  like  otUer  liisectivora,  were  nocturnal     The  outer  or 


Linn.  13?-— fiiiiirt.tTDit  or  a  wuttk^  ltMmt,ict  rmom  tetsimonit. 
ttvtm  the  Kor«  i,ct>  Acad,  Oarul.  L«>p,«  tdI,  it.  pL  tIU- 

little  finger  is  imnienielj  elofi^ted  for  the  support  of  a  mcra- 
bra^eoua  expansion,  similar  to  that  which  is  extended  on  tho 
fingers  of  the  Bat ;  impressions  of  thia  membrane  are  seen 
in  some  specimens  {Lign.  137)*  The  fingers  terminate  in 
long  hooks,  like  the  cuired  daw  of  the  Bat,  The  size  and 
form  of  the  foot,  leg,  and  thigh  show  that  the  Pterodactyles 
were  capable  of  perching  on  trees^  and  of  standing  firmly  on 
the  grotmd,  where,  with  their  wings  folded,  they  might  walk 
or  hop  }ike  a  bird.* 

'  See  Dr,  Buckland's  Bridge^fatei  TteaxHae.    Ui .  TA.M^m  \b» 'is^ 
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Twenty  species  of  these  extraordinary  creatures  have  l>eeii 
covered,  varying  in  sisse  from  that  of  a  Snipe  to  that  of  a 
Drraorant  or  an  Albatross.  Of  these,  twelve  have  been 
found  in  the  lithographic  stone  of  Bavaria,*  where  the  bones 
of  rterodactjles  are  associated  >^'ith  tlie  remains  of  Dragon- 
flies  I  m  the  Stonesfield  Slate  they  are  collocated  with  the 
dpra^  or  wing-cases,  of  beetles.  In  the  Lias,  the  remains 
of  a  species  of  the  si^e  of  a  Eaven  were  discovered  by  Miss 
Anning.t  "^i^  species  and  three  of  those  from  Bavaria  do 
not  belong  to  the  Pterodactyle  proper ;  but,  haviog  no  teeth, 
and  beiog  distinguished  by  their  long  stiff  tail,  they  are 
separated  by  Yon  Meyer,  under  the  name  of  Bamphorhi/ncuM 
(Beak-uose). 

Numerous  thui  delicate  bones,  evidently  belonging  to 
Pterodactyles,  have  been  found  in  the  Wealdeu,  and  prove 
that  some  species  of  these  extraordinary  creatures  inhabited 
the  country  of  the  Iguanodoo.  In  the  Chalk  of  Kent,  the 
upper  and  lower  jaw-bones  with  teeth,  portions  of  a  cora- 
coid  bone,  several  digital  bones^  and  parts  of  the  arm-bones 
of  large  Pterodactyles^  have  been  obtained.  Prom  a  eom- 
pftriaou  of  these  relics  with  the  specimen  of  P.  crmsirostrw 
(Liffn.  137),  the  Kentish  species  appear  to  have  heen  much 
Ijirger,  and  it  is  estimated  that  the  expanded  wings  of  P. 
Cmeri  would  be,  at  least,  eighteen  feet  wide;  whilst  in 
toother  Chalk  species  the  extent  of  the  \vingB  from  tip  to 
tip  was  fifteen  feet4  Among  existing  reptiles,  the  dimtou- 
ti^e  Dram  mlans  ia  the  only  knowu  species  capable  of  flight 

<JtiCfid  i  restored  figure  of  u  Pterodaclylc  in  the  foreground  of  the 
FrDntispiece  of  VoU  I.  of  this  work* 

•  Goldfufis,  Nova  Acta.  Acad.  Nat.  Cur,  vol.  xv*  p.  63.  Thts  memoir, 
^7  'he  great  German  pftlaeotitologist,  is  illustrated  by  excellent  figurea 
^^  Pterodactyles  from  Solenhofen.     See  also  Munster's  "  Behriige," 

^  GeologicJil  Transactions  J  *2nd  Ser.,  vol,  iii.  page  220.  This  uuique 
'P^^^imm  13  now  in  the  British  Museum. 

I  The  majority  of  the  mre  and  valaable  epeciraeua  from  the  Chalk,  by 
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30.  Ophidiaws  (Serpents)  and  Bateachiaj^s  {Frog-tribe), 
— There  are  no  vestiges  in  the  secondary  formations  of  the 
Ophidians,  or  reptiles  destitute  of  feet  or  any  extremities 
for  progressive  motion ;  but  in  the  tertiary,  bones  of  a  few 
species  of  large  serpents,  chiefly  allied  to  the  Boas  and  Py- 
thons, have  been  discovered.  These  fossils  were  obtained 
from  the  Eocene  sand,  at  Kyson,  in  Suffolk,  from  the  Lon- 
don Clay  of  the  Isle  of  Sheppey,  and  the  Bracklesham  beds 
on  the  Hampshire  coast.*  From  the  size  of  the  vertebrae. 
Professor  Owen  ascertained  that  some  of  these  Eocene  ser- 
pents must  have  exceeded  twenty  feet  in  length.  "  Serpents 
of  such  dimensions,"  he  observes,  "  exist  in  the  present  day 
only  in  warm  or  tropical  regions  ;  and  their  food  is  by  no 
means  restricted  to  animals  of  the  cold-blooded  classes.  .  .  . 
Living  birds  or  quadrupeds  constitute  the  favourite  food  of 
the  Pythons  and  Boas,  of  similar  dimensions,  which  are  ex- 
hibited in  our  menageries.^f 

A  large  fossil  serpent,  having  some  alliances  with  the 
Eattle-snake  and  other  venomous  Ophidians,  has  lately  been 
described  (under  the  name  of  Laophis  crotaloides)  by  Prof. 
Owen, J  from  evidences  afforded  by  several  vertebrsB  collected 
near  Thessalonica  by  Captain  Spratt.  It  is  probably  of  the 
Miocene  age. 

Batrachians. — The  reptiles  termed  Batrachians  (from  the 
Greek  name  for  Prog)  are  characterized  by  the  remarkable 
metamorphoses  which  they  undergo  in  the  progress  of  their 
development  from  youth  to  maturity.  Their  organs  of  aerial 
respiration  consist  of  a  pair  of  lungs ;  but  in  their  young  and 

means  of  which  these  gigantic  Pterodactyles  have  been  determined,  en- 
rich Mr.  J.  S.  Bowerbank's  choice  collection  at  Highbury.  See  Owen'.** 
Monograph  of  the  Chalk  Reptiles,  Palaeont.  Soc,  1851. 

♦  Medals  of  Creation,  p.  738. 

t  Geol.  Trans.  2nd  ser.  vol.  vi.  p.  210. 

t  Geol.  Journ.  vol.  xiii.  p.  196,  pi.  4. 
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aqiiatic  state  they  are  provided  with  gills,  supported  on  car- 
tilaginoufl  arches,  as  in  ilahea.  The  early  e^dtstence  of  t^olossal 
reptiles  closely  allied  to  this  order  has  already  been  shuwn  in 
the  Lahyrintbodons  of  the  Tnassic  system  (see  p.  552),  In 
the  tertiary  strata,  the  skeletons,  imprints  of  the  footsteps, 
aod  even  vestiges  of  the  soft  pai-ts  of  several  species  of  Frog, 
Toad,  and  Ne^wi;,  have  been  Ibund,*  In  the  papierkohle  of 
the  Browucoal  of  the  Ehine  (see  p.  283),  several  species  are 
met  with.f  In  the  neighbourhood  of  Bombay,  small  batra- 
cholitea  have  been  found  in  a  black  shale,  apparently  of  ter- 
tiary date  4 

Bat  the  most  celebrated  fossil  of  this  daas,  from  the  ter- 
tiarj^  deposits,  is  a  gigantic  Salamander,  three  feet  in  lengthy 
obtained  more  than  a  century  since,  from  the  miocene  lat^iis- 
trinc  limestone  of  CEningen,  in  the  same  quarry  which  jielded 
tte  Ihaail  Foi  previously  described  (see  p.  268) ,  Tlie  ±irr*t 
(Covered  Bpecimeu  of  this  fossil  Batrachian  {Lign.  13b) 
icqiiired  great  celebrity,  Irom  an  eminent  physician  of  his 
*)'i  Sehenchzer,  having,  under  aome  extraordinary  delusion, 
regarded  it  as  a  petrihed  human  skeleton^  and  described  it 
binder  the  name  of  *' Homo  Bilumi  Testi^s  et  Theoscopos"  aa 
•eiBg  "  the  moiety,  or  nearly  so,  of  the  skeleton  of  a  man, 
fitli  the  bones  and  flesh  incorporated  in  the  etone,  and  a 
^iic  of  that  aceuraed  race  which  waa  overwhelmed  by  the 

Cuvier^  when  atHaarlemj  in  ISll,  esarained  this  specimen^ 
aad  ascertained  it  to  be  the  skeleton  of  an  extinct  species  of 
^H"atic  Salamander ;  he  cleared  away  t!ie  stone  and  exposed 
m  four  legs,  and  the  jaws,  beset  with  teeth :||     There  are 

•  See  Piclfit'B  Pal&mtolo^e,  2de  edit.  toI.  i.  p.  561. 

+  tioMfim,  Nova  Acta,  to  I.  xv.  [vrin  1,  p.  107,  pi  11,  12,  fljtd  M 

I  f»eol.  Journal,  vo!»  iii*  p.  *i24* 
S  Philoi.  Ti^ns.  for  1726,  toL  xxxW, 

II  A  ftill  account  and  illustmtione  of  thift  fosiil  are  giiren  in  the  "  Ortse- 
^i^  Posailes/'  vol.  v.  p.  ^3i 
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«oiDe  fine  remaina  of  the  (Enmgen  Salamander  m  the  cdleo 
tion  of  the  Biitiah  MuaeutD. 


'*'*y^^j^. 


i'm^^^^m^^^) 


/•«  SpmQ  IHlMt^i  TMtit ''  iff  Sofc^nfiUfr.    Fmr  «i*4  a  katf/t^  in  Uftgtk.J 

Bl.   ElTlflW  OF  THE   AGE   OF  Il£PTILES.^FrOm    the  ei- 

aminatioa  of  the  organic  remaina  of  the  Secondary  Forma- 
tions we  obtain  the  following  resuUa  i  that  the  Beae,  lakes, 
and  riyers  during  these  geological  periods  swarmed  with  rep- 
tiles, fishes,  mollusca,  Crustacea,  annelida^  echinodermata,  zo- 
ophytes, foramiuifera,  sponger,  and  sea- weeds  ;  aU  of  extinct 
Bpecies,  and  presenting,  as  a  whole,  a  greater  discrepancy 
with  e listing  forms  than  those  of  the  Tertiaiy ;  the  most 
remarkable  feat  are  being  the  apparent  absence  of  Cet^cea 
(p.  325),  and  the  presence  of  several  genera  of  marine  Bep- 
tiles. 

On  the  land  we  find  bnt  little  analogy  to  the  terreshriaJ 
inhabitants  belonging  to  the  tertiary  or  present  eras: 
throughout  the  vast  accumulations  of  the  spoils  of  the  an- 
cient Islands  and  Continents,  although  the  remains  of  croco- 
diles, fresh -water  fcurtle8jin8ectj*,and  terrestrial  plautaabound, 
a  few  jaws  of  very  small  animals  are  the  sole  indications  of 
the  existence  of  Mammalia ;  and  the  evidence  of  the  presence 
ofBitih  19  eren  Jess  clear.  In  ^  am -we  &fc«iV  Iot  vVe.  t^\\^ 
\i?fMaQ,  or  the  remains  of  works  oi  axt,— ^oi:  l\ifc  %V^«i\.^3as% 


^^   of  mtaa  j 
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of  the  Mastodon  or  the  Mammoth, — of  the  Palieotheres,  or 
other  mammals  that  were  their  contemporanea ;  the  oaseouB 
Tcmains  of  terrea  trial  and  flu  via  tile  Be  p  tiles  alone  appear* 
In  the  emphatic  language  of  Cuvier,  "  Nous  remonions  dane 
a  un  autre  d^e  du  mondf!^ — a  cet  d^e  oil  la  terre  fietoit  encore 
parcourue  que  par  de$  reptiles  a  sang  froid^  oh  la  mer  ahoadoit 
tn  ammonites^  en  Mlemnites^  en  terehratules^  en  encrinites^  et 
ok  tous  ce^  genres^  aujourd^hui  d'une  rarete  prodipeme^  fai- 
Kknt  lefond  de  §a  popuJation^^^ 

The  earliest  iDdicationa  of  air-breathing  vertebrate  animals 
k  the  little  Elgin  reptile^  and  the  supposed  imprint  &  of  che- 
loiilao  footsteps  in  JJevauian  sandtitune.  In  the  succeeding 
CarbonilerouH,  Permian,  and  Triasalc  periods,  Saurobatia- 
eiiana  occur,  often  of  great  bulk,  and  in  great  numbers ;  and 
on  the  later  sands  of  those  old  shores  are  found  the  foot- 
tracks  of  bipeds  which  seem  to  point  to  a  higher  class,  that 
of  birds,  for  their  origin.  In  the  following  perioda,  eni- 
braeing  the  deposition  of  the  Lias,  Oolite,  "Wealden,  and 
Clialkj  swarms  of  reptiles  belonging  to  numerous  genera 
everywhere  prevail ;  species  itted  to  live  in  the  air,  on  the 
tnd,  in  lakes  and  rivers,  and  in  the  seas, — yet  not  one 
identical  with  any  existing  form*  These  gradually  decline 
w  we  approach  the  close  of  the  secondary,  and  are  succeeded 
in  the  tertiary  by  as  varied  modifications  of  the  higher 
animals — the  marninalia  and  birds.  Thus,  the  faunas  of 
tbe  vast  periods  that  intervened  between  the  tertiary  and 
iJRlteoKoic  ages  present  the  following  numerical  relations  in 
tbe  three  higher  elasaea  of  the  vert eb rata : — 

,  Seven  t  genera  of  small  land -animals  (p.  394,  508, 
Makiuua     *     *  BJid  561).     WirLemberg,  Stoncfifield,  and  Pur- 

(     beck. 

*  "  Obfiemens  Fossilea/*  tome  v.  2Je  partie,  p.  10. 

t  Mr.  Becklea  has  specimens  of  oLher  Purbf'ck  ^encrci,  &U1L  imde- 
•bribed.  The  Dromaiheniim  (Elmmons),  being  probably  Permian,  ia 
oet  reckoned  bere. 
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rA  species  from  North  Carolina  (p.  558,  note)  ;  an- 
other from  Stonesfield  ?  (p.  524) ;  another  from 
Birds     .     .     .     .   -^      the  Wealden  ?  (p.  452) ;  «nd  many  species  in- 

L  sandstone  of  the  Trias- 


-j      the  Wealden  ?  (p.  452) ;  - 
ferred  from  footprints  on  t 
L    sic  period  ?  (p.  557). 


Reptiles 


^Marine; — Fifty  genera,  including  above  one  hun- 
dred and  forty  species. 

Terrestrial  and  Fluviatile;  —  Forty-five  genera, 
comprising  about  two  hundred  species. 

Flying  ; — Two  genera,  containing  nineteen  species. 

Here,  then,  tlie  classes  Mammalia  and  Aves,  which  con- 
stitute the  essential  features  of  the  existing  terrestrial  faunas 
of  almost  all  countries,  are  represented  through  a  period  of 
time  of  incalculable  duration,  by  a  few  diminutive  quadru- 
peds, by  some  uncertain  vestiges  of  birds,  and  problematical 
foot-prints  of  bipeds  on  the  rocks ;  while  everywhere  bones, 
teeth,  and  entire  skeletons  of  reptilian  forms,  adapted  for 
aerial,  terrestrial,  and  aquatic  existence,  afford  unequivocal 
proofs  that  the  air,  the  land,  and  the  waters  were  tenanted 
by  cold-blooded  vertebrate  animals.  In  the  succeeding  ter- 
tiary ages,  the  fossil  remains  of  reptiles  belong  to  species  of 
existing  types,  and  are  associated  with  the  relics  of  innumer- 
able mammiferous  quadrupeds. 

Now,  if  we  admit,  to  the  utmost  extent,  the  effect  of 
causes  that  may  be  supposed  to  have  operated  to  the  exclu- 
sion of  the  remains  of  mammalia  from  the  secondary  forma- 
tions, still  the  overwhelming  preponderance  of  the  reptilian 
tribes,  both  on  the  land  and  in  the  waters,  is  most  striking. 
And  here  we  may  inquire  whether  this  remarkable  pheno- 
menon warrants  the  hypothesis  which  some  eminent  geolo- 
gists have  advanced,  namely,  that  during  the  periods  ante- 
cedent to  the  eocene,  the  earth  was  not  adapted  for  the 
existence  of  mammalia  ? — that  it  was  in  a  state  of  turbulence 
and  convulsion,  which  colossal  reptile  forms  were  alone  cal- 
culated to  endure ;  that  it  was  a  half-finished  planet,  unsuit- 
able  for  irarm- Wooded  animals  •,  and  that  its  atmosphere  was 
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incapable  of  supporting  the  higher  types  of  animal  organizft- 
tioii?    The  probability  that  birds  existed  in  the  country  of 
the  Iguanodon^ — the  certainty  that  niaratipial  and  insectivor- 
ous maromaia  were  the  contemporaries  of  the  MegQloaauriia 
ftod  Pterodactylea — that  trees  and  plants,  similar  to  many 
which  now  grow  in  regions  aboiindmg  in  birds  and  warm* 
blooded   q^nadrupeda,   flourished  throughout  the  "Age  of 
KcptileSj^*  are  facts  which  appear  to  me  fatal  to  such  a  hy- 
pothesis, and  to  prove  that  the  general  temperature  of  the 
earth,  and  the  physical  constitution  of  the  sea,  and  the 
atmosphere,  were  not  ease nti ally  ditTercnt  from  those  which 
now  prevail.      That  the  class  of  reptiles  was   developed, 
throughout  the  periods  embraced  in  this  review »  to  an  ex- 
tent far  beyond  what  has  since  taken  place,  cannot,  I  con- 
ceive, by  any  legitimate  process  of  reasoning  be  distputed  j 
but  I  do  not  think  that  in  the  pre^-ent  state  of  our  know- 
led  i^e  any  satisfactory  explanation  of  this  extraordinary  fact 
can  be  offered. 
32,  OBJ:ECTioii"a  co^tstdehed- — There  are  persona  whot 
til  one  of  the  Bridgewater  essay ista  (Mr.  Kirby*)^  oppose 
?se  conclusions,  and  have  recourse  to  the  most  strange 
conceits  to  account  for  the  phenomena  on  which  they  are 
founded.     But  it  is  for  tbose  who  refuse  their  assent  to  de- 
ductions made  with  the  greatest  caution,  and  derived  from 
an  overwhelming  ma^a  of  evidence,  to  explain  the  entire  ab- 
teace  of  all  traces,  not  only  of  Man,  but  of  the  whole  exiat- 
iou  species  of  animals  and  vegetables,  in  the  ancient  deposits  j 
while  there  is  not  a  river  or  stream  which  does  not  daily 
imbed  the  remains  of  the  present  inhabitanta  of  the  globe. 
But,  however  ftiture  diecoveries  may  modify  this  hypotheaiSj 
tbey  cannot  invalidate  the  fact,  that  there  is  no  country  on 
the  face  of  the  earth  with  such  an  assemblage  of  animal  lifo 
11  that  possess ed  by  the  regions  whence  the  delta  of  the 
V#»lden  was  derived  ;  nowhere  is  there  an  island  or  a  coii' 
»  Sermih  Bridge wniet  Trealiae. 
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tinent  inhabited  bj  colossal  reptiles  only,  or  (excepting  the 
Galapagos)  where  the  Eeptilia  usurp  the  place  of  the  large 
Mammalia.  We  have  seen  that  this  feature  in  the  zoology 
of  that  remote  period  was  not  confined  to  the  country  of  the 
Iguanodon ;  in  every  part  of  the  world  where  geological  re- 
searches have  extended,  this  wonderful  phenomenon  appears 
— the  absence  of  mammiferous  animals  in  the  older  strata. 
The  bones  of  reptiles,  sometimes  of  enormous  size,  are  there 
the  only  remains  of  the  higher  animals  (except  fishen) 
that  occur  in  any  considerable  number.  It  is,  therefore, 
manifest,  that  there  was  a  period  when  oviparous  quadru- 
peds of  appalling  magnitude  were  the  chief  possessors  of 
the  lands  of  which  any  traces  remain  in  the  strata  that  are 
accessible  to  human  observation.  I  do  not,  however,  mean 
to  aver,  that  reptiles,  and  reptiles  only,  were  the  occupiers 
of  every  Island  and  Continent ;  but  that  it  appears  from  the 
most  irrefragable  testimony,  that  the  reptile  tribes  during 
the  secondary  periods  were  developed  to  an  extent  of  which 
the  present  state  of  animated  nature  affords  no  example.  It 
must  be  acknowledged  that  the  proposition  is  astounding, 
and  I  do  not  feel  any  surprise  that  many  intelligent  persons, 
whose  attention  has  not  previously  been  directed  to  geo- 
logical inquiries,  should  hesitate  to  admit  its  correctness; 
but  the  conclusion  is  drawn  from  such  an  immense  accumu- 
lation of  facts,  corroborated  by  observations  made  in  every 
region  of  the  earth,  as  to  compel  assent,  in  spite  of  all  our 
preconceived  opinions.  We  may,  indeed,  call  up  from  the 
depths  of  our  ignorance  hypotheses  as  marvellous  as  the 
phenomena  they  are  intended  to  explain,  but  which  a  very 
slight  examination  of  the  facts  before  us  would  prove  to  be 
untenable. 

33.  CoNCLiTDiNa  BEMABES. — There  is  another  objection 
to  which  I  would  allude ;  for  I  do  not  think  with  some,  that 
the  errors  or  prejudices  of  those  who  differ  from  us  should 
be  treated  with  silence  or  contempt  •,  but,  rather,  that  it  is 
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our  duty  to  explain,  again  and  again,  the  foundation  of  our 
belief,  in  the  hope  and  assurance  that  we  shall  at  length  re- 
moye  the  erroneous  opinions  of  persons  whose  scepticism 
arises  from  their  imperfect  acquaintance  with  the  subject. 
It  has  been  insisted  upon  by  those  whose  views  are  limited 
to  the  present  state  of  the  globe,  that  the  supposition  of  the 
earth  having  been  peopled  by  other  creatures  before  the  ex- 
istence of  the  human  race  is  incompatible  with  the  evident 
design  of  the  Creator,  and  derogatory  from  the  dignity  of 
Man,  for  whose  pleasure  and  necessities  they  assume  all 
living  things  were  created.  But  this  inference  is  at  vari- 
ance with  what  we  know  of  the  living  world  around  us : 
everywhere  we  see  forms  of  animated  existence  utterly  un- 
conscious of  the  presence  of  Man,  and  endowed  with  facul- 
ties and  sensations  wholly  dissimilar  from  our  own.  Thus, 
while  in  the  beautiful  language  of  Scripture  we  are  told 
that  not  a  sparrow  falls  to  the  ground  without  our  heavenly 
Father's  notice,  a  philosophical  examination  of  the  present 
constitution  of  nature  would  alike  condemn  such  vanity  and 
presumption.  For  my  own  part,  feeling,  as  I  do,  the  most 
profound  reverence  and  the  deepest  gratitude  to  the  Eternal 
Being,  who  has  given  unto  me  this  reasoning  intellect,  how- 
ever feeble  it  may  be,-^and  believing  that  the  gratification 
and  delight  experienced  in  the  contemplation  of  the  Won- 
ders of  Creation  here  are  but  a  foretaste  of  that  inexpress- 
ible felicity  which,  in  a  higher  state  of  existence,  will  be  our 
portion  hereafter,  I  cannot  but  think  that  the  minutest 
living  atom,  which  the  aided  eye  of  man  is  able  to  explore, 
is  designed  for  its  own  peculiar  sphere  of  enjoyment,  and  is 
alike  the  object  of  His  mercy  and  His  care,  as  the  most  stu 
pendens  and  exalted  of  His  creatures. 

**  Le  mftme  Dieu  cr6a  la  mousse  et  V  Univers.** 

In  nothing,  perhaps,  are  we  more  m\ftlake\i  ^«xi.  \si  ^^a 
estimate  of  the  bappine&a  enjoyed  \)y  ottieT  \i^m"g^\  ^^  ««^- 
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ploy  the  beautiful  simile  of  a  distinguislied  author, — "  As 
the  moon  plays  upon  the  waves,  and  seems  to  our  eyes  to 
favour  with  a  peculiar  beam  one  long  track  amidst  the  wa- 
ters, leaving  the  rest  in  comparative  obscurity,  yet  all  the 
while  she  is  no  niggard  in  her  lustre ;  for,  although  the  rays 
that  meet  not  our  eyes  seem  to  us  as  though  they  were  not, 
yet  she,  with  an  equal  and  unfavouring  loveliness,  mirrors 
herself  on  every  wave ;  even  so,  perhaps,  happiness  falls  with 
the  same  power  and  brightness  over  the  whole  expanse  of 
being,  although  to  our  limited  perceptions  it  seems  only  to 
rest  on  those  billows  from  which  the  rays  are  reflected  back 
upon  our  sight."  *  And  if  we  admit,  as  all  must  admit  who 
for  one  moment  consider  the  marvels  which  Astronomy  has 
unfolded  to  us,  that  there  are  countless  worlds  around  us, 
inhabited  by  intelligences  of  whose  nature  we  can  form  no 
just  conception,  surely  the  discoveries  of  Geology  ought  not 
to  be  rejected  because  they  instruct  us,  that  ere  man  was 
called  into  existence  this  planet  was  the  object  of  the  Al- 
mighty's care,  and  teeming  vrith.  life  and  happiness. 

Thus  Geology  reveals  the  sublime  truth,  that  through 
periods  of  incalculable  duration,  our  globe  was  the  abode  of 
myriads  of  living  creatures,  enjoying  all  the  blessings  of 
existence,  and  which  at  the  same  time  were  the  destined 
instruments  for  the  elaboration  of  the  materials,  by  which 
the  surface  of  the  earth  was  rendered,  in  the  course  of  in- 
numerable ages,  a  fit  temporary  abode  for  intellectual  and 
immortal  beings !  f 

♦  Sir  E.  B.  Lytton's  "  Eugene  Aram*" 

t  See  M'CJosh  and  Dickie's  "Typical  Forms  and  Special  Ends  in 
Creation/'  1856,  for  some  interesting  remarks  on  the  adaptations  of  both 
fossil  and  recent  animals  and  plants  to  their  functions  and  conditions, 
and  a  brief  notice  of  the  evidences  of  a  long  preparation  for  the  advent 
of  man  upon  the  earth  (p.  345). 
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ON  ZOOPHTTA   AND   CEINOIDEA. 

1.  Introductory.  2.  Organic  and  Inorganic  Bodies.  3.  Distinction  between  Animals 
and  Vegetables.  4.  Nervous  System  and  Sensation.  5.  Diversity  of  Animal  Forms. 
6.  Zoophytes.  7.  Animal  nature  of  Zoophytes.  8.  Cilia,  or  vibratile  organs.  9.  Hy- 
dras, or  Fresh-water  Polypes.  10.  Elementary  organic  structure.  11.  Analogy  not 
Identity.  12.  The  Bryozoa.  13.  Food  of  Zoophytes.  14.  Nature  of  Zoophytes.  15. 
Corals  or  Polypifera.  16.  Sertularian  Zoophytes.  17.  AcUnoidea  or  Corallaria.  16. 
Caryophyllia  and  Turbinolia.  19.  Madrepore.  20.  Fungia.  21.  Astrsea,  Pavonia,&c. 
22.  Mseandrina cerebriformis.  23.  Alcyonarian  Zoophytes:  Oorgonia.  24.  The  Red 
Coral.  25.  Tubipora.  26.  Ge(^aphical  Distribution  of  Corals.  27.  Appearance  of 
living  Corals.  28.  Coral  Reef^.  29.  Coral  Keef  of  Loo-Choo.  30.  Coral  Islands.  31. 
Formation  of  Coral  Islands.  32.  Montgomery  on  Coral  Islands.  33.  Fossil  Zoophytes. 
34.  Veutriculiies.  35.  Zoophytes  of  the  Oolita  and  Lias.  36.  Corals  of  the  Palaeozoic 
Formations.  37.  Coralline  Marbles.  38.  The  Crinofdea.  39.  Structure  of  the  Crinol- 
dea.  40.  Encrinites  and  Pentacrinites.  41.  Derbyshire  Encrinital  Marble.  42.  The 
Iiily-Encrinite.  43.  Pear-Encrinite  of  Bradford.  44.  Pentacrinites  and  Actinocrinites. 
45.  Fentremites  and  Cystidea.   46.  Concluding  Remarks. 

1.  Inteodtiotoet. — In  many  of  the  deposits  of  the  Second- 
ary formations  reviewed  in  the  last  discourse,  a  large  propor- 
tion of  the  fossils  were  seen  to  consist  of  those  interesting 
types  of  animal  organization,  the  Polypifera  and  Crinoidea : 
some  of  the  Oolitic  strata,  as  for  example  the  Coral-rag^ 
being  wholly  made  up  of  Corals ;  while  many  of  the  lime- 
stones and  shales  of  the  Lias  equally  abound  in  Pentacrinites 
and  other  forms  of  the  Crinoidea.  In  the  more  ancient 
palsBozoic  formations,  to  the  examination  of  which  our  at- 
tention will  hereafter  be  directed,  we  shall  find  these  organ- 
isms in  still  greater  profusion :  entire  mountain-chains  con- 
sisting of  the  consolidated  remains  of  corals,  and  vast  tracts 
of  limestones  composed  of  the  mineralized  skeletons  of  the 
Lily-shaped  animals. 
To  enable  the  ar^acienjbi&c  reader  to  comipTe\ievA  \)^^  ^"tv 
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fl^  and  formation  of  these  ancient  fossiliferous  rocks,  I 
therefore  purpose  devoting  the  present  Lecture  to  a  general 
view  of  the  natural  history  of  some  of  the  recent  animals  of 
these  classes,  and  a  brief  notice  of  the  most  characteristic 
fossil  species. 

2.  Obgakio  Ain>  iKOBOAiac  bodies.  —  The  beautiful 
world  in  which  we  are  placed  is  everywhere  fiill  of  objects 
presenting  innumerable  varieties  of  form  and  structure,  of 
action  and  position ;  some  of  them  being  inanimate  or  inor- 
ganic, and  others  possessing  organization  or  vitality.  The 
organic  kingdom  of  nature,  in  like  manner,  is  separated  into 
two  grand  divisions,  the  animal  and  the  vegetable.  The 
differences  between  organic  and  inorganic  bodies  are  numer- 
ous and  manifest ;  but  it  will  suffice  for  my  present  purpose 
to  mention  a  few  obvious  and  familiar  characters. 

All  the  parts  of  an  inorganic  body  enjoy  an  independent  existence ;  if 
I  break  off  a  crystal  from  this  mass  of  calcareous  spar,  the  specimen  does 
not  lose  any  of  its  properties,  it  is  still  a  group  of  crystals  as  before :  but 
if  a  branch  be  separated  from  a  tree,  or  a  limb  from  an  animal,  each  is 
rendered  imperfect,  and  the  parts  remoyed  suffer  decomposition, — the 
branch  withers,  and  the  limb  undergoes  putrefaction.  If  crystals,  which 
may  be  considered  the  most  perfect  models  of  inorganic  substances,  be 
formed,  they  will  remain  unchanged,  unless  acted  upon  by  some  external 
force  of  a  chemical  or  mechanical  nature :  within,  eyery  particle  is  at 
rest,  nor  do  they  possess  the  power  to  alter,  increase,  or  diminish :  they 
can  enlarge  by  external  additions  only,  and  decrease  but  by  the  remoTal 
of  portions  of  their  mass.* 

*  These  remarks  must  be  taken  in  a  general  sense  only,  since  yarious 
experiments  haye  demonstrated  that  the  molecules  of  inorganic  matter 
undergo  modification  by  the  slightest  action  of  light  and  rariation  of 
temperature. 

**  Prismatic  crystals  of  zinc  are  changed  in  a  few  seconds  into  octa- 
hedrons by  the  heat  of  the  sun.  We  are  led  from  the  mobility  of  fluids 
to  expect  great  changes  in  the  relative  positions  of  their  molecules,  which 
must  be  in  perpetual  motion  even  in  the  stillest  water  or  calmest  air ; 
bat  we  were  not  prepared  to  find  molioii  Vo  swc^wa.  wX«iiV\xv>\v<&\siV«rtfa 
of  solids.     We  knew  that  their  paTtAc\ea^«te\>TOM!^\.Ti%».x«t>j  <iOA.^^ 
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But  onpuatc  bodiea  have  characters  of  a  totallj  different  nature  ;  they 
poaaess  definite  forms  and  structureH^  which  urd  capable  of  reakting  far 
9.  time  the  ordinary  Ifiws  by  which  ihe  changes  of  inorganic  matter  are 
regulated,  while  internally  they  are  in  constant  mutation*  From  the  first 
moment  of  the  exblenee  of  the  plant  or  animal  to  its  dissolution  (here  is 
na  repose  ;  youth  follows  InfEincy, — maturity  precedes  age ;  it  ia  ihiia 
wiih  the  moss  and  the  oak, — the  monad  and  the  elephant^ — life  and  death 
are  common  to  them  all. 

Animals  and  vegetables  also  require  a  supply  of  food  and  air,  oiid  a 
suitable  teraperatnTej  for  the  continnonee  of  their  existence ;  and  they 
are  nourished  by  fluids  elabornted  by  appropriate  organic,  and  trans: milted  , 
through  suitable  ressseb.  in  the  germ  of  an  animal  or  a  vegetable  there 
k a  vital  pTincif Ic  in  attirjn,  by  which  are  developed  in  successiun  the 
ordained  phenomena  of  its  existence.  By  this  power  the  germ  is  able  to 
tttract  towards  Li  paiiicEes  of  inanimate  matter,  and  bestow  on  them  an 
irrangement  widely  different  from  that  which  the  laws  of  chemistry  or 
mechanicH  could  produce.  The  same  power  not  only  attracts  these  par- 
ticles, and  preserver  them  in  their  new  situations,  but  is  continually 
engaged  in  removing  those  which  might  by  their  presence  prevent  or  de- 
range it«  opera tiorijj  i  andj  on  the  oihef  hand,  so  soon  as  the  vital  prtnci- 
pjfr  de^rts  the  body  which  it  has  animated,  the  latter  immediately  be* 
eomes  subjected  to  the  agencies  which  Jict  on  inorganic  matter;  "in 
4ience  to  the  power  of  gravitation  the  pliant  twig  hangs  down^  and 
» lender  stem  bends.  In  animals  the  body  falls  to  the  ground;  the 
ware  of  the  upper  parts  flattens  those  on  whieh  the  others  rest ;  the 
astrHehes  out;  and  the  graceful  rotundity  of  life  ie  exchanged  for  tba 
lateness  of  death.*'  •     The  laws  of  chemistry  then  begin  to  operate, — 


prpssure,  or  removed  farther  from  one  another  by  heat ;  but  it  could  not 

bave  been  anticipated  that  their  relative  positions  could  be  so  entirely 

^IQged  as  to  alter  their  mode  of  aggregation.     It  follows  from  the  low 

jBDperature  at  which  these  changes  are  efTected,  that  there  is  probably 

*  portion  of  inorganic  mailer  that  h  not  in  a  state  of  relative  motion, 
^rismatic  crystals  of  sulphate  of  nickel  exposed  to  the  summer  heat,  in 

*  dose  ressel,  had  their  tnternai  structure  completely  al teredo  so  that 
▼bn  broken  open  they  were  composed  it>ternally  of  octahedrons,  wiib 
iqmrB  bases.  The  original  aggregation  of  the  internal  particles  had  been 
ii«»lved,  and  a  disposition  given  to  arrange  ihemselves  in  a  erystallme 
form,'* — Mrs,  ^mermiU^  On  the  Connexifm  of  the  JScicnf^^,  p.  171, 

•  Dr.  FleraiRg;    Philosophy  of  Zoology,  vol.  i*  p»  S9, 
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putrefaction  takes  place, — and,  finally,  dust  returns  to  dust,  and  the  spi- 
rit of  Man  to  Him  who  gave  it. 

3.  Distinction  between  Animals  and  Vegetables. 
— I  have  thus  briefly  described  a  few  of  the  phenomena  pe- 
culiar to  organic  existence ;  it  will  now  be  necessary  to  offer 
some  remarks  on  the  distinguishing  characters  of  animals 
and  vegetables ;  for,  unless  we  have  a  clear  perception  of  the 
phenomena  peculiar  to  each,  we  shall  not  obtain  correct 
ideas  of  the  nature  of  zoophytal  organization. 

When  we  compare  together  those  animals  and  vegetables 
which  are  considered  as.  occupying  the  highest  stations  in 
each  kingdom,  we  perceive  that  they  differ  from  each  other 
in  particulars  so  obvious  and  striking,  as  not  to  admit  of 
question.  The  horse  and  the  grass  upon  which  it  feeds — 
the  bird  and  the  tree  in  which  it  builds  its  nest — are  so  es- 
sentially distinct  from  each  other,  that  we  perceive  at  once 
that  they  belong  to  distinct  classes  of  organic  nature.  But 
it  is  far  otherwise  when  we  descend  to  those  animals  and 
plants  which  occupy  the  lowest  stations  in  vitality :  here  the 
functions  to  be  performed  are  but  few,  the  points  of  differ- 
ence obscure,  and  it  requires  a  correct  knowledge  of  the 
laws  of  organization  to  enable  us  to  determine,  with  any  de- 
gree of  precision,  where  animal  life  terminates,  and  vege- 
table existence  begins.  The  Lichen  which  grows  on  the 
stone,  and  the  Zoophyte  attached  to  the  rock,  present  but 
little  difference  to  the  common  observer ;  both  are  perma- 
nently fixed  to  the  spot  on  which  they  grow,  from  the  ear- 
liest period  of  their  existence  to  their  dissolution  ;  and  in. 
the  vegetable  dried  by  the  heat  of  the  sun,  and  the 
polype  shrivelled  up  from  the  absence  of  moisture  during 
the  ebb  of  the  tide,  he  would  seek  in  vain  for  those  charac- 
ters which  would  assign  the  one  to  the  vegetable,  and  the 
other  to  the  animal  kingdom. 
4f.  Nebvotis   System  and  Sensation. — M.j  limits  will 
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not  permit  me  to  dwell  on  the  distinctions  which  exist  be- 
tween animals  and  yegetables  in  their  chemical  composition, 
nor  on  the  different  influence  produced  on  the  atmosphere 
bj  their  respective  agency :  and  I  must  content  myself  with 
explaining  the  remarkable  endowment  which  is  supposed  to  ' 
be  peculiar  to  animal  organization,  namely,  that  of  sensation, 
and  to  be  dependent  on  that  structure  which  is  termed  the 
Nervous  or  medullary  system. 

When  any  object  comes  in  contact  with  my  finger,  I  am  sensible  of  its 
presence,  and  the  finger  is  said  to  possess  sensation :  but  if  I  compress  or 
cut  across  the  nerve  which  passes  from  the  spinal  marrow  to  the  arm, 
this  faculty  of  sensation  is  suspended  or  destroyed :  the  same  object  may 
come  in  contact  with  my  finger  as  before,  but  no  feeling  is  excited  indi- 
eating  to  me  its  presence.  This  phenomenon  i^  well  known,  for  every 
one  must  sometimes,  in  lying  or  sitting,  have  compressed  the  nerve  of  the 
arm  or  thigh,  and  occasioned  a  temporary  numbness  and  loss  of  accurate 
feeling  in  the  limb.  I  perceive,  then,  by  my  own  experience,  that  sensa- 
tion is  inseparably  connected  with  the  presence  and  condition  of  the 
nerves ;  and  that  in  Man  and  the  vertebrated  animals  the  nervous  influ- 
ence is  developed  and  transmitted  by  means  of  the  brain,  spinal  chord, 
and  nerves. 

In  examining  the  other  divisions  of  the  animal  kingdom,  the  presence 
of  a  nervous  system*  more  or  less  developed  according  to  their  respective 
intellectual  and  physical  endowments,  may  be  detected.  In  those  of  the 
higher  orders,  nervous  filaments  can  be  distinctly  traced,  from  their  ori- 
gin in  the  bram  or  spinal  marrow,  to  their  distribution  in  the  various 
parts  to  which  they  communicate  sensation,  and  to  the  organs  to  which 
they  impart  the  influence  necessary  for  the  performance  of  their  several 
functions.  But  in  proportion  as  the  systems  of  absorbing,  secreting,  and 
circulating  vessels  become  less,  a  corresponding  diminution  takes  place  in 
the  nervous  fibres,  until  at  length  both  vessels  and  nerves  elude  our  finite 
observation,  and  we  are  left  to  infer  from  analogy,  that  probably  since 
sensation  depends  upon  the  presence  of  nerves,  and  the  smallest  animals 
evidently  possess  sensation,  a  nervous  system  exists  in  the  minutest  Mo- 
nad which  the  highest  power  of  the  microscope  enables  us  to  descry.* 

•  Hence  Rudolph,  the  celebrated  physiologist,  terms  those  animals  in 
which  no  traces  of  nervine,  or  nervous  matter,  can  be  delected^  VVsa  Ct^- 
ioneura,  or  hidden-nerved. 
Our  knowledge  of  the  nervous  system,  e\en  *m  lYie  Vv^et  ^tCykv^'s^^ > 
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In  the  largest  and  most  complicated  vegetable  organisms  no  traces  of 
nenres  are  perceptible,  nor  of  any  substance  which  can  be  considered  as 
at  all  analogous  in  structure  or  function :  it  is  therefore  concluded,  that* 
as  vegetables  are  destitute  of  nenres,  they  are  likewise  wanting  in  the 
faculty  we  term  sensation.* 

But  the  nerves  not  only  bestow  feeling,  they  also  confer  the  power  of 
voluntary  motion ;  and,  if  the  organs  to  which  the  motor  nerves  proceed 
be  suitably  constructed,  they  enable  the  animal  to  effect  progression,  or, 
in  other  words,  to  change  its  situation  from  one  place  to  another.  As  we 
descend  in  the  scale  of  creation,  we  find  many  animals  destitute  of  that 
power,  and  living  on  the  same  spot  from  the  commencement  to  the  ter- 
mination of  their  existence ;  and  all  these  creatures  are  inhabitants  of  the 
water. 

Such,  then,  are  the  essential  characters  of  animals — an 
external  determinate  form,  graduaUj  developed,  with  an  in- 
still imperfect ;  and  "  that  there  may  be  sensibUity  without  nerves,  and 
contractility  without  muscles,"  in  the  lower  animab  is  a  statement  that 
has  some  support  from  observation.  See  "Seaside  Studies,*'  Black- 
wood's Magazine,  1857,  p.  413,  &c. 

*  Although  the  definition  here  given  is  sufficient  for  our  present  pur- 
pose, yet  it  is  necessary  to  state,  that,  in  a  more  rigorous  and  philosophi- 
cal view  of  the  subject,  a  line  of  demarcation  between  the  vital  phenomena 
exhibited  by  animal  and  vegetable  organisms  cannot  be  established.  The 
possessiou  of  a  stomach  or  digestive  sac,  and  the  power  of  locomotion, 
formerly  thought  to  be  peculiar  to  animals,  are  no  longer  regarded  as 
such.  Even  the  difference  in  the  chemical  processes  effected  by  plants 
and  animals, — namely,  the  absorption  of  carbonic  acid  and  the  evolution 
of  oxygen  by  the  former,  and  the  opposite  effects  produced  by  the  latter 
— though  a  very  general,  is  not  a  constant  character ;  for  some  animals 
evolve  oxyg&k ;  and  firom  all  the  parts  of  plants  which  are  not  green, 
carbonic  acid  is  exhaled :  and  when  light  is  removed  from  the  plant,  the 
same  thing  happens  everywhere.  See  Dr.  Bente  Jone9*9  GuUtonian 
Lectitrts^  for  1846.  The  very  difficult  subject  of  the  distinctive  separa- 
tion of  the  border-forms  of  animal  and  vegetable  life  is  treated  more  or 
less  fully  in  nearly  every  work,  original  or  compiled,  on  zoology  and 
physiology :  for  example,  see  Literary  Gazette,  1856,  p.  965  ;  and  Brit. 
and  For.  Med.  Chir.  Review,  July,  1856,  p.  3.  The  reader  should  also 
avail  himself  of  the  lucid  and  eloquent  resume  of  opinions  on  this  subject 
in  M.  P.  H.  Gosse's  elegant  little  work  on  "  Life  in  its  Lower,  Inter- 
mediate, and  Higher  Forms,"  1S57,  p.  25,  &c.,  where  Dr.  Burnett  (in 
Siebold's  "Comparative  Anatomy  "^  is  especially  quoted. 
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temal  organization  possessing  vessels  for  effecting  nutrition 
and  support,  and  capable  of  attracting  and  assimilating 
particles  of  inorganic  matter;  combined  with  a  nervous 
system  communicating  sensation  and  voluntary  motion;  a 
certain  term  of  existence  being  assigned  to  determinate 
forms, — in  other  words,  a  period  of  life  and  death. 

5.  DrvEBSiTT  OF  Animal  forms. — Animals  are  as  varied 
in  form  and  magnitude  as  the  imagination  can  conceive; 
from  the  god-like  image  of  Man  to  the  globule  of  jelly  that 
floats  upon  the  wave, — from  the  Elephant  and  the  Whale  to 
the  Insect  and  the  Animalcule,  of  which  millions  may  be 
contained  in  a  drop  of  water.  In  fact,  so  numerous  and 
dissimilar,  both  in  form  and  structure,  are  the  animal  organ- 
isms that  exist  on  the  earth,  that  the  opinion  of  Astronomers 
that  the  inhabitants  of  the  worlds  around  us  must,  from  the 
different  densities  and  conditions  of  the  respective  planets, 
be  totally  distinct  and  unlike  any  that  are  known  to  us,  can- 
not be  considered  as  incredible  or  marvellous.*  But  of  all 
the  shapes  in  which  animal  existence  presents  itself  on  our 
globe,  none  are  more  extraordinary,  or  unlike  what  is  com- 
monly conceived  of  living  beings,  than  those  of  the  com- 
pound creatures  which  have  been  described  by  naturalists 
under  the  name  of  "Zoophytes,"  or  "Animal-plants,"  and 
are  familiarly  known  in  their  varied  forms  by  the  names 
of  Polyps,  Corals,  Dead-men*s-hands,  Sea-pens,  Sea-fans, 
Sponges,  &c. 

6.  Zoophytes.  —  In  classifying  the  Animal  Kingdom, 
naturalists  have  always  rea^y  recognised  the  distinct- 
ness of  the  three  great  divisions,  now  known  as  the  Verte- 
brated  {Vertehrata  of  Cuvier),  the  Molluscous  {Molluscd  oi 
Cuvier),  and  the  Articulate  or  Annulose  animals  {Articulata 
of  Cuvier ;  Annulosa  of  Macleay)  ;  buf  besides  these  there 
is  an  extensive  and  somewhat  heterogeneous  series  of  ani- 

•  See  Thoughts  on  Animalcules,  or  a  Glimpse  ot  l\ie  1ks\s\V\&"W^'^l\^ 
revealed  by  the  Microscope,  p.  7. 


606  THE  WONDERS  OF  GEOLOGY.  Lbot.  VJ. 

mala,  generally  of  far  more  simple  structure  as  individuals, 
though  frequently  existing  in  compound  and  intimately 
united  groups.  These  were  termed  Badiaria  or  Badiata  by 
Lamarck,  Fleming,  and  others,  on  account  of  the  apparent 
or  fancied  radiation  of  the  organs  and  parts  of  the  animal. 
In  this  sub-kingdom  were  arranged  the  Echinoderms,  the 
Zoophytes,  the  Entozoa,  the  Infusoria,  the  Sponges,  &c. 
Eecent  researches  have  led  to  an  improved  classification  of 
these  lower  animals  in  many  respects,  as  may  be  seen  in  the 
works  of  modem  anatomical  and  physiological  naturalists  ;• 
and  it  will  be  sufficient  here  to  point  out  that  the  word 
Zoophyte  is  now  technically  used  to  indicate  the  Corals  only, 
although  in  a  general  sense  all  the  plant-like  animals  arc 
sometimes  called  Zoophytes. 

Of  these  plant-like  animals  there  are  three  important  and 
very  distinct  groups.     The  Bryozoa,'\  or  "  Moss-animals  ;" 

*  See  Owen's  Lectures  on  the  Invertebrate  Animals,  2nd  Edit.; 
Carpenter's  General  and  Comparative  Physiology,  New  Edit ;  Huxley'e 
Lectures  on  General  Natural  History  in  the  "  Medical  Times,**  1856— 
57 ;  Van  der  HoBYen's  Hand-book  of  Zoology  (translated  by  Dr.  Clarke) ; 
Siebold's  Hand-book  of  Invertebrate  Animals;  Milne  Edwards*  Zoo* 
logic ;  Dallas's  Natural  History  of  the  Animal  Kingdom ;  Kymer  Jones'f 
Animal  Kingdom,  New  Edit. ;  Agassiz  and  Gould's  Comparative  Ana- 
tomy, &c.,  New  Edit.     (Bohn.) 

t  So  called  by  Ehrenberg,  on  account  of  their  small  branches  and 
frond-like  forms,  in  contrast  with  the  Anthozoay  or  "  Flower-animals," 
as  he  terms  the  true  Corals,  with  the  finely  coloured  flower-like  ezpan* 
sions  on  their  branching  and  often  tree-like  skeletons.  Both  of  these 
groups  have  also  other  names ;  for  instance,  the  Bryozoa  or  Moss-corals 
are  the  "  Polyzoa"  of  Thompson,  the  "Zoophyta  Ascidioida"  of  John- 
ston, and  the  "  Ciliobrachiata**  of  Farre ;  and  the  Corals  are  the  **  Poly- 
pifera"  of  Grant,  and  the  "  Phytozoa"  of  Brandt. 

The  name  Bryozoa  is  here  preferred  to  the  somewhat  earlier  one  of 
"Polyzoa"  (which  Dr.  Busk  uses  in  his  valuable  descriptions  of  these 
little  animals,  in  his  "  Catalogue  of  the  Marine  Polyzoa  in  the  British 
Museum,"  and  in  his  **  Zoophytology  **  in  the  **  Microscopical  Journal "), 
because  it  is  a  better  and  more  distinctive  name,  there  being  several  othei 
groups  of  Polyzoic  animals ;  because  il  has  been  extensively  used  ir 
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the  Anf\ozoa^  or  Corals  {Zoopliyta  proper) ;  and  the  Amor- 
phozoa,  or  Sponges. 

The  Bryozoa*  are  compound  animals,  grouped  on  a  horny 
or  calcareous  frame-work  (termed  the  "  polyzoary,"  or  the 
"polypary,"  as  is  also  that  of  the  Corals,  also  the  ccenacium, 
or  "  common  dwelling")  ;  the  individuals  or  polypes  are  of 
minute  size ;  the  hody  has  a  ring  of  hollow  ciliated  tenta- 
cles around  the  mouth ;  the  alimentary  canal  consists  of  a 
stomach,  gizzard,  and  an  intestine,  which  has  a  free  separate 
vent, — a  character  of  much  importance,  placing  the  Bryozoa 
above  the  Corals  in  the  scale  of  creation,  and  indicating 
their  alliance,  on  the  one  hand,  to  the  Botifera  among  the 
Articulata,  and  to  the  Brachiopoda  and  Tunicaia  among  the 
Molluscs,  on  the  other.  Many  of  the  Moss-corals  occur  on  the 
shells,  rocks,  and  seaweeds  of  our  shores ;  and  some  of  them 
take  the  form  of  delicate  AlgsB,  and  have  been  often  collected 
as  such.  They  have  been  also  miscalled  "  Corallines ; "  but  the 
real  Corallines  {Corallina  officinalis  and  its  allies),  although 
stony  in  structure,  are  really  plants,  belonging  to  the  AlgaB : 
there  is,  therefore,  no  relation,  except  that  of  "  mimetic  re- 
semblance," between  the  Corallines  and  the  Corals,  much 
less  the  Bryozoa. 

The  Anthozoa,  or  Polypifera,^  comprise  three  kinds  of 

zoology  and  paleeontology ;  and  because,  in  the  case  of  appellations  in- 
Tented  for  j^roups  of  animals,  plants,  or  minerals,  whether  they  be  names 
of  genera,  families,  orders,  or  classes,  it  is  not  the  priority,  but  the  adapt- 
ability of  the  term  that  should,  with  few  exceptions,  determine  the 
general  use  of  such  appellations,  under  which  the  many  series  of  de- 
scribed species  are  successively  grouped  and  regrouped  by  philosophical 
naturalists. 

With  "  specific"  names,  however,  the  case  is  different ;  the  published 
name  of  a  species  is  (or  ought  to  be)  not  only  the  established  technical 
appellation  of  a  distinct  form  in  nature,  but  also  the  registered  evidence 
of  the  successful  labour  and  acumen  of  its  discoverer  and  describw* 

*  Medals  of  Creation,  vol.  i.  p.  265,  &c. 
t  Medals,  vol,  L  p.  251,  &c.     See  also  EANfw^a  wA  '^^^vcsi^'^  ^^^xw^- 
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PotTp-^r.-imal*, — In.  oo*  of  Terr  rumple  ftonn  of  itnietTXie, 
i:K#»  rr.at.  ot*  rr.rj  •*  Fr-=r»r*-xa*^T  Poijpe,*"  or  Hifdrm;  hsice 
th-.s  3prrr*)p  i^  ca.ie/i  th^  JIydrfAd4i  .-*  2nii,  with  a  Lew  smple 
i^^-r  ii^'-.r-*,  or.ft^r  cavitiea  «:ii.ning  in  the  body,  besides  fifaK  rf 
fh^*  4t^»rr.a/'h  :  tni.4  ia  tvpirl^  bj  the  common  Sea-anemone 
( Anhn.^^^  \  %xA  th^  vj^n^^  '\^  termed  the  Aetimoidem  or  Zoor 
fk/urn   ''ar.irr.ai-fiOTrfrrs;,  inrrludiD^   the   great  maas  of  the 
srr,ri/  ToraL^  /'Ma/lrft pores,  Ac;  :  and,  3rd.  the  AMteroida(X 
AU^^/if^firin^  \\\^\x\%  the  common  Alofonium  or  Dead-manV 
hftTid  fr,r  f  h/-ir  tjpe,  and  being  characterized  by  their  neazlj 
irimpl^.  "t/'/rr.a/'h,  and  by  the  polypaiy  being  eith^  ^P^^^gf 
or  horr.;/  »r»d  j/elAtinous,  and  rarely  forming  a  stony  axis. 

Th^  .^p-'/Tifl^e»,  or  Pf/rifera,i  present  innumerable  variatioiiB 
of  form  ;  th^  are  comfK/ftf^d  of  a  usually  fibrous  skeleton, 
ffi9frf»A  with  a  ((elatinoua  cr>ating,  in  which  cilia  and  tempo- 
rary a  1  i  rn e  r»  f.a ry  ft^rti n  I  n c(m  have  been  observed ;  \  the  skeleton 
or  axlfl  14  i^'.riortiU'j]  with  large  and  small  passages,  and  is 
fre^iierktly  interwoven  with  Hilicious  or  calcareous  spicula. 
These,  ereatiiren  are  much  lower  in  the  scale  than  either -of 
the  of  her  'Af}f}]}hyUin,  They  hold  a  place  on  the  confines  of 
animality,  and  indeed  present  but  few  essential  points  of 
differen^-e  from  vej^etable  organisms. 

A  group  of  ffAHil  bodieH,  chiefly  from  the  chalk, and  known 
under  the  name  of  "  Ventriculites,"  §  were  long  regarded  as 
Hf)f;nge«;  hut,  on  account  of  certain  peculiarities  in  the 
stnuft'Ure  of  their  tissue,  Mr.  Toulmin  Smith  |  has  assigned 
<o  them  a  higher  place  in  the  animal  series. 

W^Hphti  <m   Vtm\\  Corals  (Introduction),   1850—54,  Palseont.  Society; 
VtmtCn  Xito\Aiy\tm ;  Blainviilc's  Actinologie,  &c. 

*  A  in';  known  m  tho  SertuUirida.  f  Medals,  toI.  i.  p.  219. 

t  Hrrwftrbaak,  Report  Brit.  Absoc,  1856  and  1857 ;  and  Roy.  Soc. 
Pn>0.  1H&7. 
f  B«e  ftbora,  vol.  i.  p.  330 ;  and  Medals,  vol.  i.  p.  241.     In  the  Lin- 
TnuiMict  vol.  zi.  p.  401,  the  author  first  referred  theso  peculiar 
v//m  to  the  Akyonium, 
TmL  Hist.  2  ser.  vol.  i.  1S4%,  i?.  ^^,  &c. 
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7.  AiQMAL  NATiTEE  OF  ZooPHTTES. — Corals  Were  long 
Regarded  by  Naturalists  as  animal-plants  (as  the  word 
''Zoophytes"  literally  means),  but  Feirante  Imperato,  in 
L599,  and  Peysonnel,*  in  1761,  were  the  first  to  insist  on 
bhe  true  nature  of  these  plant-like  animals.f  It  was,  how- 
aver,  in  this  town  (Brighton)  that,  in  the  year  1762,  the 
animal  nature  of  many  of  the  Zoophytes  which  abound  on 
the  Sussex  coast  was  first  established-J  Mr.  Ellis,§  an 
eminent  Naturalist,  was  engaged  in  forming  a  collection  oi 
marine  plants,  and,  having  occasion  to  examine  some  of  the 
specimens  through  a  powerful  microscope,  he  was  astonished 
to  find  that  the  Sponges,  at  that  time  supposed  to  be  veget- 
ables, possessed  a  system  of  pores  and  vessels  through  which 
the  sea-water  circulated ;  and  that  many  of  the  Bryozoa  ex- 
hibited cells,  from  which  tentacula  or  feelers  were  constantly 
protruding,  and  then  suddenly  retracting,  as  if  seizing  and 
devouring  prey.  Subsequent  observations  have  proved  that 
the  substance  we  call  "sponge"  is  the  skeleton,  or  support, 
of  a  gelatinous  and  vascular,  or  sometimes  granular,  sub- 
stance which  invests  it,  and  which  may  be  considered  as  the 
flesh  of  the  animal. |[  When  viewed  through  the  microscope, 
innumerable  pores  are  seen  on  the  surface  of  the  Sponge 
constantly  imbibing  salt  water,  which  circulates  throughout 
the  mass,  and  is  finally  rejected  from  the  large  openings ; 
this  water  doubtless  contains  the  living  atoms  that  constitute 
the  food  of  this  zoophyte,  but  which  are  so  minute  as  to 

•  Phil.  Trans.  Abridg.  vol.  x.  p.  257. 

t  For  the  history  of  the  researches  of  Naturalists  among  the  Zoophytes, 
see  Dana*s  **  Structure  and  Classification  of  Zoophytes/*  1846 ;  Blainville 
"Manuel  d'Actinologie,"  1834;  and  Johnston's  "History  of  British 
Zoophytes,"  1838,  and  New  Edit. 

J  See  Prof.  Allman*s  Introduction  to  his  magnificent  "  Monograph  of 
freshwater  Polyzoa"  (Ray  Soc),  1856,  for  a  complete  history  of  the  re- 
cognition of  these  Zoophytes  as  animals,  and  as  forming  a  distinct  class. 

§  Author  of  the  beautiful  work  on  "  British  Corallines,"  &c.—  lon^  iha 
standard  authority  on  Zoophytology. 
//  Grant,  Edinb.  Pbil.  Joum.  vol.  xiii.  p.  \^% 
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elude  observation.  It  is  only  of  late  that,  after  long  and 
patient  observations,  Mr.  Bowerbank  has  succeeded  in  de- 
monstrating the  existence  of  true  mouth-like  openings  in 
the  jelly-like  coating,  or  sarcode,  of  the-  Sponge.  These, 
however, — wonderful  as  it  may  appear ! — are  of  a  temporary 
nature ;  being  opened  in  any  part  of  the  surface,  apparently  at 
the  will  of  the  animal,  and  at  long  intervals  of  time,  and 
closing  up  again  in  a  short  time,  without  the  least  trace  of 
them  remaining.* 

The  Sponges,  however,  approach  so  closely  in  their  struc- 
ture to  certain  plants,  that  many  eminent  Naturalists  have 
referred  them  to  the  Vegetable  kingdom,  believing  that,  if* 
line  could  be  drawn  between  animals  and  vegetables,  the 
Sponges  should  be  placed  among  the  latter.     But  these 
bodies  appear  to  me  to  hold  an  intermediate  place, — to  be 
oh  the  boundary  line  that  intervenes  between  the  two  grand 
divisions  of  animated  nature ;  they  are,  in  short,  true  Zoo- 
phytes or  Animal-plants ;  it  will,  therefore,  be  instructive  to 
dwell  a  brief  space  on  the  investigation  of  their  structure 
and  economy. 

The  living  Sponge,  when  highly  magnified,  exhibits  a 
cellular  tissue,  permeated  by  pores,  wmch  unite  into  cells, 
or  tubes,  that  ramify  through  the  mass  in  every  direction, 
and  terminate  in  larger  openings.  In  most  Sponges  the 
tissue  is  strengthened  and  supported  by  spines  or  spicula  of 
various  forms,  and  which,  in  some  species,  are  silicious,  and 
in  others  calcareous.f  The  minute  pores  through  which  the 
water  is  imbibed  have  a  fine  transverse  gelatinous  net- work, 
and  projecting  spicula,  by  which  large  animalcules  or  noxious 
particles  are  excluded  ;  water  incessantly  enters  into  these 

*  Bowerbank,  Brit.  Assoc.  Reports,  1R56,  p.  438;  and  1857. 
t  For  descriptions  of  the  Spicula  of  Sponges,  see  Prof.  Quekett's  Lec- 
tures on  Histology ;  and  his  Catalogue  of  the  Histological  series  in  the 
Museum  of  the  College  of  Surgeons,  p.  177,  &c.,  pi.  10,  11.     Mr.  Bower- 
bank's  forthcoming  History  of  the  British  Sponges  (Ray  Society)  will 
supply  full  details  of  all  these  cunoMa  oi^Miic  SVxuctvitea, 
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pores,  trayerses  the  cells  or  tubes,  and  is  finally  ejected  from 
the  large  vents.  But  the  pores  of  the  sponge  have  not  the 
power  of  contracting  and  expanding,  as  Ellis  supposed ;  the 
water  is  attracted  to  these  openings  by  the  action  of  instru- 
ments of  a  very  extraordinary  nature  (cilia),  by  which  cur- 
rents are  produced  in  the  fluid,  and  propelled  in  the  direc- 
tion required  by  the  economy  of  the  animal.* 

8.  CiLiA,t  OB  viBEATiLB  OBGAKS. — Although  thcse  or- 
gans, which  are  termed  Cilia  from  their  hair-like  appearance, 
are  not  confined  to  the  class  of  animals  which  form  the  sub- 
ject of  this  inquiry,  yet  they  play  so  important  a  part  in  the 
economy  of  Zoophytes  and  all  other  animals,  that  it  will  be 
necessary  to  define  their  structure  and  functions.  These 
processes  resemble  very  slender  fibres  or  hairs,  and  are  only 
visible  under  a  powerful  microscope.  They  are  situated  on 
parts  habitually  in  contact  with  water  or  some  other  fluid, 
and  possess  the  power  of  performing  a  rotatory  or  circular 
oscillation  with  great  rapidity,  by  which  they  .produce  cur- 
rents and  eddies  in  the  surrounding  fluid. 

When  a  drop  of  water  containing  Infusoria  is  brought  under  the 
microscope,  it  is  seen  that,  as  the  creatures  move  along,  every  particle  of 
foreign  matter  near  them  is  agitated,  a  phenomenon  indicating  eddies  in 
the  water.  When  the  animalcules  remain  stationary,  the  currents  are 
more  distinct,  and  evidently  take  certain  directions,  causing  the  particles 
of  matter  to  run  in  a  stream  to  and  from  the  animal.  If  a  very  high 
magnifying  power  be  employed,  transparent  filaments  will  be  distinguish- 
ed projecting  from  the  surface  of  the  animalcules,  and  moving  with  ex- 
treme rapidity.  These  are  the  Cilia,  which  serve  to  assist  in  progression, 
and  when  the  animal  is  stationary,  impel  the  water  in  currents  through 
the  cavities  and  tubes  on  which  they  are  distributed :  these  must  not  be 
mistaken  for  the  tentacola,  or  feelers,  for  they  are  fringes  of  delicate 
fibres  investing  those  instruments  and  the  internal  surfaces  of  other  or- 
gans. The  Cilia  are  so  minute,  that  their  outward  form,  position,  and 
the  direction  of  their  motions  only  can  be  detected,  their  internal  struc- 

*  Dr.  Grant,  Mr.  Bowerbank,  and  some  other  Naturalists  affirm  the 
existence  of  vibnUUe  dlia  in  Sponge**    See  Gosse^ft  **  XW^^"*  \^  ^<i ^»xv\  \. 
^  ^*^'  t  Fiom  cilium,  «si  c>j*-W^ 
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tore  eluding  obseryation.  In  the  simplest  animml  oigmnisiiis  they  ire  the 
organs  by  which  niQtion  and  respiration  are  effected,  and  the  food  neces- 
sary for  nutrition  obtained.  But  they  exist  also  in  Man  and  the  higher 
orders  of  vertebrata,  and  are  the  instruments  by  which  many  of  the  moit 
important  functions  of  the  animal  economy  are  performed.  Aa  we  can- 
not separate  the  idea  of  muscular  fibre  from  animal  motion,  it  is  cob- 
jectured  that  the  Cilia  are  impelled  by  definitely  arranged  muscles:  and 
Ehrenberg  believes  he  has  detected  these  muscles  in  some  of  the  larger 
InfiJAoria.*  The  number  of  the  cilia,  even  in  an  animalcule  invisible  to 
the  naked  eye,  is  almost  incredible ;  Dr.  Grant  calculates  that  a  single 
polype  of  a  Flustra  has  400  millions. 

9.  The  Hydra,  or  fresh-water  PoLTPE.f — Before  de- 
scribing the  zoophytes  which  are  the  immediate  subject  of 
this  Lecture,  I  would  call  your  attention  to  one  of  the  most 
simple  forms  of  animal  life  that  abounds  everywhere  in  fresh- 
water streams,  and,  being  relatively  of  considerable  size,  will 
afford  a  convenient  illustration  of  some  of  the  vital  phe- 
nomena exhibited  in  the  coral-zoophytes  which  give  rise  to 
reefs  and  islands  in  the  seas  of  warm  climates,  and  of  one 
group  of  which  (the  Hydroida  or  Sertuhrida)  it  is  the 
simplest  form  and  type.  This  is  the  Hydra,  or  fresh-water 
polype,  of  which  two  or  three  kinds  inhabit  our  ponds, 
rivulets,  &c.  They  are  generally  attached  to  the  stems  and 
leaves  of  aquatic  plants ;  and  the  largest  species,  when  in  an 
expanded  state,  is  from  a  quarter  to  half  an  inch  long,  and  of 
the  size  of  a  hog's  bristle ;  it  is  constricted  at  the  end  at- 
tached to  the  plant,  and  has  an  aperture  or  mouth  at  the 
free  extremity,  from  around  which  proceed  from  six  to  ten 

*  See  the  representation  of  the  Cilia  on  the  rotatory  organs  of  the 
Rotifer  or  Wheel-animalcule  in  "  Thoughts  on  Animalcules/*  p.  35.  The 
continuance  of  the  ciliary  motion  in  parts  separated  from  the  rest  of  the 
body  of  Mytilus  and  many  other  animals,  and  even  for  some  time  after 
death,  proves  that  the  action  is  automatic,  or  independent  of  the  will  of 
the  animal. 

t  Polype,  or  polypus  (many  feet),  is  a  name  derived  from  the  tenta- 
cuJa  or  processes  which  in  some  species  serve  for  progression,  in  others 
Aw  respiration.     The  name  has  been  aUo  a.-^^\k^  \&  ^om^  vi»^  >^<&  xgasv^- 
'  Cephalopoda. 


THE  HTDKA,  OB  FBESHWATER  POLYPE. 


long  delicate  tentaeuls  {Lipi.  139,^^.  4)*  The  H^^rm  pre- 
Bexit  aa  exampb  of  a  biglily  endowed  organism  of  the  aim- 
pleat  structure  \  the  whole  animal  consisting  merely  of  a 
gelatiuoua,  transpareat,  open  cylinder,  or  tube,  contracted 
at  one  extremity,  and  having  the  margin  of  the  other  pro- 
longed into  tnbular  tentacula.  It  is,  in  fact,  a  Btomach,  or 
digestiye  sac,  with  no  a^  pendage  but  the  instruments  for 


Lms.   139,— BTI31UB  Olt  Fa^HWATXB  fOLTPES. 


(Thf  tvpe  afiht  H^rmd  t^r  SirtHlufwti,  tJbn^J 


Tiff,  li^  JTv^m  fitsm  ttOk^lA^,  the  tCTit[u.''nln  parttalJy  expundcfl,  3r  Two  TTj-anp 
Kzn^  bABD.unt  (3]DiitTw:ted,t]it  either  citp&fic]4>d.  S.  Siffdra  t>i ridi*,  mtunti  ute.  i. 
with  ihe  bendy  «titlii-«ed  (Wmt  lu  contnlnirif;  foo<l^  &,  TerlSciiI  PBctton  nt  ffffdra 
hT^hJj  mnpniflfld.  6,  7r  Ft.  Hydrro  Tn  T^vrtous  »t4tn  of  prD|[Tei«ioii-  9,  A  ^EmblQ 
pT04qj^?<l  \ty  tijeyprticil  ifitMlDt}  of  ft  ^inglQ  yiip. 


on  tltfl 
Hydra, 

Urilm, 


seizing  its  prey-  A  vertical  eection  (Liqn.  13f>,  fj.  5), 
highly  magnified,  ahowa  the  interior  of  the  receptacle  for  the 
food,  the  relative  thickness  of  ita  substance,  and  the  manner 
in  wBieh  the  tentacula  arc  formed  by  an  tj^tew^\oT\  ^^  tWi 
upper  murgin.  The  Hydra  is  endowed  ^\t\\  \VL";^^'t^  m  ^ 
^VB^  extruordinary  degree,  and  its  substa\ice  \^V\^Vs  ^^-^v 
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tive  and  contractile  in  all  its  parts.  It  fixes  itself  to  other 
bodies  by  the  small  end  of  the  tube,  and  expands  and  con- 
tracts at  pleasure.  These  enlarged  drawings  (Jdgn.  139) 
represent  the  polypes  in  different  positions  and  states  of 
contraction.  The  mode  of  progression  is  shown  in  Jigt.  6, 
7,  8 ;  it  is  effected  by  the  bending  of  the  body  into  a  curve, 
and  holding  by  the  tentacula ;  the  base  is  then  brought  into 
contact  with  the  fixed  point,  and  the  tentacula  are  again 
projected  forwards.  The  Hydra  *  can  greatly  elongate  the 
body,  and  also  contract  itself  into  a  small  globular  mass,  as 
in  the  uppermost  polype  in  Jig,  2. 

The  most  extraordinary  vital  endowment  possessed  by 
these  fresh-water  poljrpes  is  that  of  the  reproduction  of  lost 
parts  to  an  almost  unlimited  extent ;  even  to  the  formation 
of  several  perfect  animals  from  the  separated  pieces  of  a 
single  individual.  If  the  body  be  split  in  half,  each  portion 
grows  into  a  complete  Hydra,  as  is  shown  in  this  drawing 
(Jig,  9)  ;  and,  as  if  there  were  no  limits  to  its  transforma- 
tions, the  creature  may  be  turned  inside  out,  and  that  which 
was  the  surface  of  the  stomach  will  become  the  epidermis, 
and  the  outer  skin  form  the  lining  of  the  new  stomacKJ  and 
caiTy  on  the  process  of  digestion  If 

10.  Element A.ET  oeoanic  stettctuee  ;  Cells.  —  The 
interpretation  of  these  phenomena  is  to  be  found  in  the 
peculiar  organization  of  the  Hydra,  its  entire  structure 
being  nothing  more  than  an  aggregation  of  cells. 

A  vertical  seclion  of  the  Polype  {^Lign,  l^%Jig,  5)  shows  the  internal 
cavity  or  digestive  sac,  the  relative  thickness  of  the  substance  of  the  body, 
and  the  manner  in  which  the  arms  are  formed  by  a  prolongation  of  the 
upper  part  into  hollow  processes.  This  animal  is,  in  fact,  a  simple  sac 
or  pouch  formed  of  a  congeries  of  cells,  for  the  reception  and  assimilation 

*  See  "Thoughts  on  Animalcules,"  PI.  I.,  for  coloured  figures  of  the 
Hydras* 
t  Abraham  Trembley  of  Geneva,  in  1740,  first  observed  this  wonder- 
fal  Droperty  of  the  Hydra.    See  1i\a  ^oiV., "  'Nlfemovte^  ^w\\  %«cvii  k 
•^  d'ua  Genre  de  Polypes  d*Ea\i  douce.**     A? ,  \.«>j^ft,  V\\\, 
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of  food.  The  cells  linmg  the  stomach  select  and  absorb  the  nutritious 
particles,  and  the  tube  then  spontaneously  contracts  and  casts  out  the 
residue  of  digestion.  This  organization  is  analogous  to  that  of  the  sim- 
plest condition  of  the  vegetable  kingdom,  the  Cellulosa:  for  eveu  the 
large  Fwci,  or  sea-weeds,  consist  only  of  cells.  The  fresh-water  Conferva 
are  merely  jointed  films  composed  of  cells,  containing  granules  or  lesser 
celb.  A  cell  bursts,  the  granules  escape,  and  float  in  the  water  until 
they  become  fixed  to  some  other  body ;  they  then  reproduce  cells,  which 
are  aggregated  after  the  same  pattern  as  in  the  parent  plant.  The  com- 
mon mould  or  mustmess  is  a  cluster  of  plants  formed  of  cells  only ;  and 
there  are  some  vegetables  in.which  the  entire  plant  consists  of  but  on^ 
isolated  cell ;  such  as  the  red  snow  {Leparia  nivalis) ;  whilst  in  the  yeast- 
fungus*  (  rorft</a  eerevieia),  the  plant  consists  of  but  one,  two,  three,  or  a 
few  more.  In  these  examples  we  see  that  all  the  functions  of  vegetable 
life,  namely,  absorption,  assimilation,  the  fixation  of  carbon  from  the 
atmosphere,  respiration,  exhalation,  secretion,  and  reproduction,  can  be 
efiected  by  one  single  cell.  Even  in  the  highest  and  most  complicated 
orders  of  vegetables,  in  which  there  is  a  variety  of  organs  adapted  for  the 
performance  of  difierent  offices,  these  functions  are  efi*ected  by  the  agency 
of  cells,  ^^  hich  obtain  materials  of  formation  and  support  from  the  ordi- 
nary chemical  agents  around  them.  Thus  an  aggregation  of  simple  cells 
f  irms  the  cellular  tissue ;  a  fusion  or  blending  of  several  cells  produces 
the  vessels,  and  so  forth ;  and  by  cells  are  elaborated  the  gum,  resin,  oil, 
starch,  gluten,  &c. :  and  by  cells  specially  endowed  are  secreted  the 
narcotic  substance  of  the  poppy,  the  deadly  poison  of  the  nightshade,  and 
the  stimulant  aromatic  of  the  clove. 

In  like  manner,  in  animal  structures,  all  the  various  processes  of  vital- 
ity are  performed  by  cells  or  globules,  varying  in  size  from  infinite  mi- 
nuteness to  forms  visible  to  the  unassisted  eye.  Thus  one  system  of  cells 
secretes  the  bile,  another  the  adipose  substance,  another  the  nervous 
matter,  and  so  forth ;  but  how  these  special  products  are  formed  by  cells 
apparently  of  similar  organization  we  know  not.  Whether  the  special 
endowment  belonging  to  the  system  of  cells  of  a  particular  organ  depends 
on  the  intimate  structure  of  the  wall  or  tissue  of  such  cells,  and  this 
structure  be  so  attenuated  and  infinitesimal  as  to  elude  our  observation, — 
or  whether  it  results  from  the  transmission  of  some  peculiar  modification 
of  that  mysterious  vital  force  we  term  nervous  influence, — are  questions 
to  which,  I  apprehend,  no  satisfactory  reply  can  be  given. 

In  fine,  a  minute  globular  cell  is  typical  of  the  common  germ  from 
which  all  organic  fabrics  proceed.     All  animals  and  plants,  therefore, 
may  iustly  be  regarded  its  definite  aggregations  oi  ceV\%,  ecAo^^^  ^*>J^ 
specidc  properties  in  the  different  types,  and  ^wbjecle^  U)  «L\iaNC^N*yi- 
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r:fp,  voNTiRaH  op  ^eologt. 


r.^    ff  IF    f  •^-.-'/.oniA'f :   iml  :n  \r\\rr\^:^.  w  w»tl  as  in  piann.  :h««  ir^ 

t  ••  f "■''.'    ■    *'S"*i  •?,#*  -ntir**  .rjanism  i'orwwn  ti  bui  i  «incie  .-fcl:* 

,r.^    . w.r.   '.  •■='■■' '•^'•^  .^..^v.,lMa.  .!!  hut  *-'in«er)i"mch.?ei:*arrrin»d 

r,  ,  .f,.',r...*.  .T.!*r.f  pr  Tipw*  m-fe  wzTPCTtinns  of  wU  perTorm  ail  -jxe 
'.:..^::..r,.  -.#■  ^w-.rp:,,  :.p.  V  ;,.  .},^  m«:ntPnanri5  of  a  parricuiar  fonn  for  a 
f^,*^...  ,-v.v./.  ;,^  .. ':,i.,,r.,;....,  .f  nf].it.»r;a..s  of  support  from  food,  loconiu- 
•;.  r.    ,,.,»  ■:„.  '^r ;,/*»  =  :»«...•)   .f  -h**  ippr-.p^;   hpjire  thew  .inimala.  like  -Ji* 

'■•■'"  '■■-"'■'    "=»'■  ■'"  '!  ■■■■'J'-'l  -^.tM.iiir  :..sin»-.apir  v.taiiiy.  and  ererr  pan 

"■ "-"r."  .1  j.'^r'Wf  .i,/J:v..:ia,.    T-i  'iiw  oiaMn of  orscuuiitioii  btjionaa -Jie 

M-  ••-.  ;.'■'!  ■!.«■  .'.'-•'•  '^x:.'.^!..,!!  ^.f  .r-i  -iirirrnre  renders  -Jie  producJonof 
,o.  ..f,i  .,r..f,i.^  :V..nrj  -jjp  v.v,s#-r:..,n  -.fan  indivjiixai  perfecuy  inceilasibie. 

II.  \^K\.f»<rr  voT  foEVTrrr.— And  here  I  muat  brieflv 
^orruri'-fit  on  \\\(*  ''lii'-trinr-  of  the  IfJW  of  development,  aa  it  is 
f'Ttn*"!,  -to  '•jV'-io'Hiy,  hiif,  unphiloHophicallj,  adv«>^ted  in  a 
iHt"  A-opk  ,♦•  ill  A-liirh  if,  i.^  atrftmptftd  to  show,  that  all  the 
•/;ipj*"l  r«.p'ii«4  fX  op:^;iriir:  lifif:  apf;  thft  reault  of  a  law  bv  which 
H  j>r'.'l<)^w./|  311  iin[;pok<'n  chain  of  gradually  exalted  organ iyn- 
tioM.  iV'trn  \\\f  cpy^f.al  to  th#;  jrlohule,  and  thence  through 
^. ,!...«. .m,r,  4tfit/r'«  of  thf!  polyjKr,  moiliink,  Ac,  up  to  Man.} 

Tn'-  r-.'i#,-v.rii(  r'TiiiirIf-*  will  -v-rvf.  \t,  show  ihe  fallacy  of  this  reaaoning. 
Tii'.'i'fti  ,'  ]•*  .HI  'sta'/lisJK"!  |i}iysiolojfi/:al  axiom,  that  cells  are  the  ele- 
iTi»-Tii.ir/  ifJiHiH.  ih«»  iiiiirriHt*'  limit  lo  which  we  can  trace  all  animal  and 
/#■/»■»  !',:•■  4»fi'i»ir»-«4,  ;irirl  tliHt  fhft  v;iri«d  functions  in  which  organ iclife 
,. ;  ,.,,.;  ,,,y  i/Mi4im-<  HF/!  ji/rformH  by  th*?  agency  of  cells  not  distinguish- 
.i»,!.-  ri..;ri  t'ivh  r.fh^r  l.y  Hiiy  w/'il-mafkird  cliaracters,  there  is  not  the 
-i'i/li»'-.t  /roiifi«|  f<,r  »MsMiniii((  niiy  idrntity  between  the  primary  cells  of 
lii"  -iiiiipi'-it  spf/wM  of  jiiiiirwiU  and  vcgctableri,  much  less  those  of  higher 

•  'I  ■»*•  Vfoiiii/U  :  fW'^  "  'rhoiij(lits  on  Animalcules,"  Plate  II. 

f    V"«*ri//'-i  of  ih/'  N»ifiir.il  llmifiry  of  ihe  ('reation. 

I  Th/i  foll/iwiii^  rMiiHfkrt  of  Sir  John  Ilerschel  on  this  theory  are  too 
irrif/ortMiif.  to  br>  orriit.tfifi.  "  'V\w  tniiiHition  from  an  inanimate  crystal  to 
a  globiilo  tn\m\An  of  niich  <'iidlrttH  organic  and  intellectual  development  is 
flu  gr^'Ht  a  hU*y  an  iiiii'xpiainfd  a  phenomenon— us  unintelligible  to  us  — 
iirid  in  liny  hiifnan  wmim'  of  thn  word  im  iniraculoua^  as  would  be  the  imme- 
fliatft  f-rfiHtion  and  inlroiliirtiou  upon  earth  of  every  species  and  every  in- 
dividiinl.  'I'likp  Iho  nnmxiiig  fiictN  of  (ieology  which  way  we  will,  we 
wort  fitftewhrrv  than  to  a  meru  BVceuV»X\Ne  Uvr  of  development  for 
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orpmxatlem.  The  sbgle  cell  which  embodies  TitaHty  in  the  y«aRt-fiit]g:iia 
<9i  Lhe  munud  h  governed  by  the  same  ImTnu table  orgiuiic  laws  ^bii'h 
preside  ore r  the  complkaied  Htnicture  of  M;iii  and  the  othft  vertebratn : 
and  tbe  single  cell  which  is  the  embryfitic  condition  of  ihe  Mammal  brra 
no  more  relation  lo  the  single  cell  wbieh  ia  the  permanefit  condition  of  the 
monad,  than  has  the  perre<;t  animRl  into  M^hich  the  mammaliai  cell  Is 
ultimnlely  developed.  The  cell  that  fomiB  the  perm  of  each  speciea  of 
msm  is  endowed  i^ith  special  prrjpertica,  which  can  result  in  nolhinpf 
lithe  fabrication  of  that  particular  apeciea.  There  is  an  analogy  he- 
een  tlie  htiman  embryo  and  the  mnonad  of  the  Vol  vox,  in  that  nach 
Mtisists  of  simple  cells  \  but  there  ia  no  raare  idenlitfj  between  the  hti- 
min  and  infusorial  celU  than  between  lhe  perfect  Man  and  the  mature 
Ammalcule.* 

12,  The  Bbtozox, — From  this  digression  we  return  to 
the  consideration  of  the  Zoophytes,  and  especially  of  tlie 
BtyozofK  vrhieh  stand  first  in  order  among  the  plant-like 
mimals,  and  are  weU  called  Moss-animals  on  account  of  their 
negated  m  asses  in  crusting  other  bodies  like  mosa.  They 
nt  numerons  fresh -wat^r  species, t  ^  well  as  an  es tra- 
in arj  abundance  of  marine  forma.  Their  polypes,  thougli 
peedingly  minute,  are  highly  organizedj  their  digestive 
s  being  more  complicated  than  those  of  the  other 
'bea  of  Zoophytes.^  I  ^^^  select  one  of  the  most  simple 
*nd  common  forms  in  illustration  of  the  anbject.  Most  per- 
sona in  their  rambles  along  the  aea- shore  must  have  noticed 
I'^n  the  seaweedsi  sheila,  and  pebbles  patches  of  a  white  re- 
ticulated substance,  which,  when  closely  examiued,  appear 
Jilce  delicate  lace-work  :  these,  apparently  mere  earthly  parti- 
cles, are  clustera  of  the  onniponnd  zoophytes  termed  Musfra^ 
Of  "  Sea-mat;'     (See  riate  Y\^ffff^.  6,  6,  1,  8,) 

•  See  Nolea  to**Thongbtg  on  Animalculew ; ''  and  Wcstmmater  Re- 
view, No.  XC.  Art,  *'  The  Microsrope  nrid  its  Revelations/* 

f  Mcst  philosophically  described  and  moat  beaulifnlly  illustrated  by 
Prrif.  Ail  man  in  his  "  Motiog.  Fri?*h-water  Polyzoa/'  I85fi  (Bay  Society), 
1  See  above,  p.  601. 

I  Tlie  word  Fhisfra  ia  here  intended  to  comprise  the  cloaely-allied 
Mmibrnnipora^  m  formerly,  for  the  sake  of  crmvenietice  of  refct- 
8n4  descriptioi}. 

2  R  2 


•  »• 

**i    * 

.,..,... 

•I.f.-1    I. 

"  * 

.'ir    f  TiH  T"in-r  a"!gt".ifc 

.i* 

..^ 

:    .. 

•   "  '.I- 

L 

..-^....-J 

::i"* 

r  I'll*  iif^-v:T-ii   ~:a:?: 

.  .- 

\- 

L 

i'* 

•*•  •   •  I. 

-. 

.••1     _' 

— 

7  f   r      vni  1  rj«  :f 

I.I  J'l 

'■•'i 

'..•.  . 

..  ... 

■  '.ir    ♦■ 

••] 

U-r    .« 

!:.••■ 

■  '--r-i  -■!  :e  ri-1  ;r  tijta 

O.f.: 

.My 

V 

.1-.    -• 

r. 

.jL— ' 

; 

"  7!    ^         --   *-  ^^^AT^- 

■       1! 

'.1»*^ 

,.  . 

'•'.  '.'•■  " 

V"..".ir 

-  'i 

-   r.  Lrrm   J*    rr_.=rT!e£  :i 

i5«ri.- 

V  i\ 

..- 

■•■• 

:.  f.'-r 

V 

:  ■  •.-'!■ 

'^'i- 

iiL  i.:»:»r'ir    "liiif  *:L^riii:^  i* 

^.;.. 

.'. 

'. . 

.- 

-."-: 

V 

: :  I  : 

r-l 

~    .?  ^"jm!''!*  *■- "'^ILZL-^r, 

t-.'.i'. 

.-■ 

■"■; 

;.• 

**-.  ' 

'.*'.  " 

-..T 

.■■.^.' 

.■-^" 

.:    l    !*r—   ▼■:e^.f-r     ..*c*~T^  i 

■- '. .  J\ 

!• 

n 

..  ,... 

L.    1 . ".  i  : 

'-.-  --•'• 

^ 

17^.*      -I/.ri..   l4p       .    -'--t-r^ 

*  -•  •/. 

.■-.: 

.   I . 

l.lir-. 

.  .f- 

X.- 

_  L'-iTT  LI.-: .  :  :ir  ^rl.*-  ir.i 

»*/■... 

i>r...- 

.■•"'.  ■ 

'■•r 

V 

•. .  r  :: 

.Lr* 

Vl^j:  *TLiii-i  -r-.i-  :'--Er5e 

i  ;  '- 

1- 

r.*: 

J 

.■•■■•.  { 

V  ". 

- 

}'.  ..•"•^  '.1 

-*  :■: -*T-T_-:e*-  t*  ::  ^rre. 

t'*.t. 

•. 

>    '.'. 

'. 

.ir»     rl,   '. 

1  — 1 

-  ::  v-_:-    i  "rer-.i-e-ilv 

'.'....••  t.  y. I- ■•'/..  :;.  •;;',-•':■.:,•=:  •;.-r  i .TTi.  iz.i  *Tr-:rj^r  •::'  ihe 

;;  '1  /y  V   \-.-.  'i'.':  %.;..':.■-.  r*.^.  -.*-:::.  iri.rr.  ir.M  ::*  Ocll.    The 
r./.r    L^'f/%    ,  t'j^  i.'-vA-  a  y^-ji''^  prjrr^icoL  uL.ier  a  much 

J  V.  v',':/  '/*  *.'.«;  a:..:.'.a!^'.!':  coriiiist.'*  of  a  transparent  sac 
v/  ;,',-'/.,':'/ *'/.^:':  '/.'I  i»->:if*,  and  having  at  the  mouth,  or 
,*//<-  «  /•>T.'.a.  oj/'rfij/j;(,  t<:ri  or  twelve  tt-ntacula  fringed  with 
'.,.;i,  ^» /,./;/#  Kaw,  tri';  jjOA'or  of  extending  and  contracting 
«M.«,«<l/<r4  yir.».f»  ^^r<aL  c<:Ir:rity. 

'n<<;  I'luRtroid  JJryozoa  [inrnent  considerable  variety  in  the 

*  pt,t  f  1^!  )rfi4  «t.  ti-/:hfiiral  /lf:it/:ri lotions,  and  (iKtailed  illustrations  of  the 
tutt:ul  l'hi*lfif  ftij/l  Ui'-ir  flilun,  hi;*:  JohnHU>n*s  ^n7.  Zoophytes,  "ind  Edit. 
j>,  lUX^  |»n«l»'*  l*ulyiutt*i  lifU.  Mui.  p.  40;  and  Alder's  Cat.  Zoophyt  p. 

f  'I  l»J«  ftunfft  !•  rniin  n  nicrnoir  by  Mr.  Lister  f  Philos.  Trans.  1834) 

1^  <rM  ni\t\  ftirirtioriH  of  the  Tubular  and  Cellular  Polypes.  The 

m  mwUi  lit  llriKhtou,  awA  1  \\w5i  V\.c  \»\e%swTft  c»l  ^^««\%\\ift 
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form  aod  arrangement  of  their  cells.  Some  of  the  raoat 
eommoti  species  are  found  attached  to  marine  plants,  wliieL 
thej  enclose,  aa  it  were,  io  a  living  sepulchre  {PI  YJiy 
5) ;  others  spread  into  foliated  expansions,  and  have  hoth 
sides  covered  vnih  cella.  The  pi^vailing  hue  is  white,  or  u 
light-tiiwn  colour,  but  some  species  have  a  tinge  of  piuk  or 


IjOJf,  140— POLYPE  or  irLtr??raA*  pnoflA  ;     TTITH  it*  KOUTQ  i.VD  COJAttt)  AHMft 

yellow.  Xumerous  species  t  resemble  in  miniature  the  hrauch- 
ing  tree-like  forma  of  the  Coralsj  or  other  coralloid  and  spon- 
goid  shapes.  Thej  abound  in  every  sea,  are  not  restricted 
hj  eHmate,  occur  in  profusion  along  the  sea-shores,  and  are 
foimd  attached  to  the  fuci  thai  are  thro'wn  up  from  below 
low^water  mark4  The  small  parasitical  species,  when  dried, 
appear  like  spots  of  a  chalky  substance  on  the  sea^weed. 

*  Mcmbramportif  Busk,  Polyz.  Brit.  Mus.,  p.  56,  pi.  7[, 

t  A  concise  notice  of  the  diatrilmUon  of  Molluficoiis  ammaU  in  the 
flererd  ■* zones"  into  wliicli  natiiraUali*  have  divided  the  bed  of  the  sea, 
*i3l  be  Tumid  in  Woodwaid's  **  Manual  of  the  Mollnaca/'  p*  -1^9:  and  in 
^h  J.  Alder's  "  Catalogue  of  the  Zoophytes  of  Northumberland  and  Dur- 
W"  (Tmns.  Tyneslde  Nat.  Field  Club,  vol  iii.  p.  98),  the  read pt  ^' ill 
M  upward !$  tif  2U0  fipenies  of  Britii^h  Anthozoa  and  Bryuxoa.  arr^niged 
wcfltding  to  their  dmiributwn  mlo  ^ojies  of  dcpib. 
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The  increase  of  the  Flustra  is  thus  described  by  Lamouroux . 
— When  the  animal  has  acquired  its  full  growth,  it  flings 
from  the  opening  of  its  cell  a  small  globular  body,  which 
fixes  near  the  aperture,  increases  in  size,  and  soon  assumes 
the  form  of  a  new  cell ;  it  is  yet  closed,  but  through  the 
transparent  membrane  that  covers  its  surface  the  motions  of 
the  polype  may  be  detected ;  the  habitation  at  length  bursts, 
and  the  tentacula  protrude,  eddies  are  produced  in  the  water, 
and  conduct  to  the  polype  the  atoms  necessary  for  its  sub- 
sistence. 

Innumerable  specimens  of  Bryozoa  or  Moss-corals*  are 
found  in  the  fossil  state,  in  every  geological  formation ;  and 
sometimes  they  occur  in  such  abundance  as  to  form  whole 
stratified  masses,  as  in  the  case  of  the  Suffolk  Crag,t  and 
the  upper  part  of  the  Maestricht  Chalk.  The  "White  Chalk 
of  the  South  of  England,  and  of  France  and  Germany,  con- 
tains a  large  proportion  of  Moss-corals, J  but  chiefly  in  a 
fragmentary  condition. 

The  Oraptolites,^  found  in  the  Silurian  rocks,  have  been 
referred  by  some  authors  to  the  Bryozoan  group  ;  by  others, 
however,  they  have  been  placed  with  the  Virgularice  of  the 
Alcyonarian  order. 

13.  The  Food  of  Zoophytes. — However  improbable  it 
may  appear  to  the  mind  unaccustomed  to  investigations  of 
this  nature,  that  beings  so  minute  as  those  under  examina- 
tion should  prey  upon  living  forms  yet  more  infinitesimal, 
the  fact  is  nevertheless  unquestionable.  It  is  even  possible 
to  select  the  food  of  animalcules  much  smaUer  than  the 

•  Medals,  p.  265.  From  the  imitative  resemblance  of  many  of  their 
little  polyparies  to  those  of  the  larger  Corals,  the  Bryozoa  are  often  re- 
ferred to  by  the  above  name. 

t  This  was  formerly  termed  "Coralline  Crag,*'  owing  to  the  then  im- 
perfect state  of  the  nomenclature  of  the  Zoophytes.     See  vol.  i.  p.  224. 

X  See  vol.  i.  p.  331.     Also  D'Orbigny*s  "  Paleontol.  Fran<;aise  ;  **  and 
Hagenow's  "Die  Bryozoen  der  Maastrichter  Kreidebildung.** 
/  Medals,  p,  255. 


THE  FOOD  OF  ZOOPHYTES. 


polypes  of  the  Fluitra,  and  thus  esliibit  their  internal  atruc- 
ture.     This  experiment  is  easily  sliown  nnder  a  good  micro- 
scopej  and  the  animalcnlea  termed  Voj-HcelliEf  a  very  abund- 
ant family  of  Infuaoria,  are  beet  adapted  for  the  puqioee. 
Iininediately  on  a  minnte  particle  of  a  very  attenuated  solu- 
tion of  pure  carmine  or  indigo  being  applied  to  a  drop  of 
water  eoiEtaining  a  group  of  the  VortitfeUiS^^  the  moat  bean- 
tifnl  phenomena  are  obaerviible.     Cnrrents  are  excited  in  the 
fluid  in  all  directions  by  the  rapid  motion  of  the  cilia,  winch 
form  a  crown  round  the  anterior  part  of  the  body  of  the 
animalculeB,  and  the  particleii  of  indigo  are  seen  movinji^  in 
diiferent  direct; ona,  but  geueraJly  all  converging  towards  the 
orifice  or  mouth,  which  is  aituiited  not  in  the  centre  of  the 
crown  of  cilia,  but  between  the  two  rowa  of  these  organs^  which 
exist  consecutive  to  one  another.     The  attention  is  no  sooner 
drawn  to  thia  interesting  spectacle^  than  preaeutly  the  bodies 
the  animals,  which  were  before  quite  transparent^  become 
tied  with  distinctly  circ  uma  bribed  spots,  of  a  dark-bl  ue  col  o  ur, 
exactly  corresponding  to  tbatof  the  mo\ing  particles  of  indigo. 
In  some  species,  particularly  in  those  which  are  provided  with 
mu  ajmular  coatraction  or  neck,  separating  the  head  fi-om  tlie 
body^the  molecnles  of  indigo  can.  be  traced  in  a  continuous  line 
in  their  progress  from  the  mouth  to  the  inter  Dal  cavities. 

The  auimalcnlea  termed  Monads  may  be  considered  aa  the 
Ipwest  term  of  animal  organisation  recognisable  by  man, 
ing  only  from  the  1,200th  to  the  24,000th  part  of  an  inch 
diameter,  and  the  powers  of  the  microscope  extend  no 
farther;  yet  it  is  impossible  to  doubt  that  there  are  myriads 
of  li^Hng  forms  more  infiuiteeimal^  some  of  which  serve  as 
food  to  these  mtniatures  of  life.| 

•  Tbe  VoTticcllai  «r©  hyaline  vase-sliaped  or  bell -I  ike  anlmB^lculea,  at- 
t  slender  peduncle  at  ihe  base,  and  having  rows  of  cilia  dis- 
iies  round  the  margin  ;  Ihese,  when  seen  in  some  diiettiona 
rmtipid  molion,  appear  like  wUeels,     Ste  '* Thoughts  ou  Aninial- 

f  "Tbe  ai^e  of  the  uhlmMe  particles  of  matter  mual  be  t^maW  y&  \\wfe 
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14.  Nature  of  Zoophytes. — In  the  larger  and  free 
masses  of  Elustra,  the  decomposition  of  the  animal  substance 
after  death  is  very  manifest.  This  specimen  of  Mustrajbli' 
acea,  which  was  dredged  up  twenty  miles  SSW.  of  Brighton, 
in  water  eighteen  fathoms  deep,  is  a  fine  example  of  this 
brittle  species ;  when  first  in  my  possession  it  was  highly 
ofiensive  from  the  emanations  evolved  during  the  decompo- 
sition of  the  animal  matter.  It  is  now  a  flexible  calcareous 
skeleton,  with  here  and  there  portions  of  the  shrivelled  in- 
tegument, but,  of  course,  without  any  traces  of  polypes  in 
the  cells. 

Let  us  now  refer  to  our  previous  remarks,  and  inquire  if 
the  Flustra  presents  the  essential  characters  of  animal  ex- 
istence. Its  polype  possesses  a  determinate  form,  and  has 
a  calcareous  skeleton  covered  by  a  soft  fleshy  substance,  that 
can  for  a  certain  period  resist  chemical  and  mechanical 
agency.  It  is  furnished  with  instruments  capable  of  moving 
with  great  celerity,  is  susceptible  of  external  impressions, 
and  can  expand  and  contract  at  will.  Here,  then,  is  evi- 
dence of  sensation  and  of  voluntary  motion ;  and  although, 
from  the  extreme  minuteness  of  th^  structure,  nerves  can- 
not be  detected,  yet  there  can  be  little  doubt  that  it  pos- 
sesses a  nervous  and  also  a  circulatory  system  for  efFi^cting 
nutrition  and  reparation.  "We  find,  also,  that,  when  remov- 
ed from  the  element  in  which  it  lived,  the  creature  dies,  and 
its  soft  substance,  like  the  flesh  of  the  larger  animals,  under- 
goes putrefaction ;  it  has  lost  the  vital  principle  by  which  it 
previously  resisted  chemical  agency,  and  now  submits  to  the 
effects  of  those  laws  which  act  upon  inorganic  matter ;  the 

extreme.  Organized  beings,  possessing  life  and  all  its  functions,  have 
been  discovered  so  small  that  a  million  of  them  would  occupy  less  space 
than  a  grain  of  sand.  The  malleability  of  gold,  the  perfume  of  musk, 
the  odour  of  flowers,  and  many  other  instances  might  be  given  of  the  ex- 
cessive minuteness  of  the  atoms  of  matter :  yet,  from  a  variety  of  circum- 
stances, it  may  be  inferred  that  matter  is  not  infinitely  divisible.**— 3/r«. 
Somen- ille,  p,  125. 
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calcareous  and  hornj  materials  that  composed  itM  skeletOHj 
and  whicti,  like  tlie  bones  of  mammiferoiia  animals,  were 
secreted  bj  the  soft  parte,  alone  remain. 

I  TRould  here  partictilarly  remark,  that  the  eitony  support 
of  ail  Zoophytes  ia  formed  by  a  aimilar  process  j  the  hard 
subatazice  called  earal  being  secreted  by  the  integumecta  or 
membranes  with  which  it  was  permeated  and  invested,  in 
like  nianner  as  the  bones  and  nails  in  man  are  secreted  by 
the  tissues  designed  for  that  purpose,  and  acting  without  his 
knowledge  or  control,  JN^othing  can  be  more  erroneous  than 
tbe  popular  notion  that  the  cells  of  corals  are  bnilt  up  by 
the  polypes  found  in  them  in  the  same  maimer  as  are  the 
^  cells  of  wax  by  the  Bee. 

From  what  has  been  advanced,  it  is  evident   that   the 
^Flustra  is  an  ag^gation  of  an  immense  number  of  indi- 
vidual polypes  attached  to  a  calcareous  or  horny  skeletoQ, 
and  each  of  which  is  doubtlessly  auaceptlble  of  pain  and 
pleasure  independently  of  the  whole ;  for  we  have  a  living 
proof  in  the  Siamese  twins,*  that  even  in  our  own  species 
[there  may  be  a  united  organization  v^ith  separate  nen^oua 
i  systems,  and  individual  sensations ;  and,  as  it  is  certain  that 
each  polype  enjoys  distinct  volition,  it  is  most  prohable  that 
the  sensations  of  each  individual  are  independent  of  the 
general  mass.     There  is,  however,  a  common  sensibility  per^ 
vading  the  structure  that  binds  together  the  commuuity  of 
zoophytes,  and  by  which  certain  actions  are  performed  irre- 
spectively of  the  individual  polypes.     Thus  the  compound 
loophytes  termed  PennMulw^  or  Sea-pens ,t  upon  the  slight- 
est touc     withdraw  themselves  into  the  wet  sand,  and  dis- 
appear; and  the  arborescent   VortkeUw^X  upon  the  inicro- 
*«ope  being  agitated,  instantly  shrink  down  into  a  globular 
mass,  and  all  appearance  of  the  elegant  animaJcules,  a  mo- 

•  See  the  Philosophical  Txaiisactlotis  for  1830|  p-  17  7» 

t  Belonging  to  the  Akyonaria, 

X  SfC  **  Thoughts  on  AuimalciileBj"  pi  49. 
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meat  before  so  active,  vanishes.  In  certain  species  of  Bry- 
ozoa  {Bugula  fluheUaia^*  for  example),  each  cell  is  accom- 
panied by  a  bivalved  appendage,  much  resembling  in  form 
the  beaks  and  head  of  a  vulture,  and  termed  the  "  avicda- 
rium  ;*'  and  the9e  appendages  open  and  shut  apparentlywitb- 
out  the  control  of  the  polype  that  occupies  the  cell ;  their 
functions  seem  to  be  related  to  the  homy  axis  that  connects 
the  group  of  independent  living  animalcules  of  which  the 
entire  compound  zoophyte  is  composed,  and  not  to  the  poly- 
pes themselves.t 

15.  TuE  Corals,  or  Poltpiferi. — The  Corals,  or  Folf- 
pi/era  (Zoophytes  proper),  present  an  extensive  series  of 
varied  and  extraordinary  forms  of  zoophytal  organization. 
In  some,  the  skeleton  {  or  support  consists  of  various  com- 
binations of  earthy  and  animal  matter,  as«t  is  in  the  Flustra, 
but  solid  and  hard  as  stone ;  in  many  examples  it  branches 
out  like  a  tree  (^Lign,  143,  p.  624)  ;  in  others,  it  constitutes 
hemispherical  masses,  having  numerous  convolutions  on  the 
surface,  somewhat  resembling  in  appearance  the  brains  of 
quadrupeds  {Lign.  144)  ;  and  in  many  it  forms  an  aggrega- 
tion of  tubes,  terminating  in  star-like  openings  (PL  \l,Jig, 

♦  Formerly  known  as  Flustra  avicularU,  See  Busk,  op,  eit.  p.  44,  pi. 
51,  52. 

t  The  reader  will  find  some  highly  interesting  observations  on  this 
phenomenon  in  Mr.  Darwin's  "Journal  of  a  Voyage  round  the  World," 
chap.  ix.  p.  200.  Mr.  Gosse  has  suggested  that  possibly  the  use  of  the 
avicularia  may  be  to  fortuitously  catch  and  to  hold  minute  animals  until, 
attracted  by  their  decomposition,  hosts  of  other  animalcules  swarm  in  the 
neighbourhood  and  come  within  the  currents  produced  by  the  ciliated 
tentacles  of  the  zoophytes  themselves. 

X  The  axis,  framework,  or  skeleton  of  these  groups  of  polypes  is  term- 
ed polyparyy  or  polypidom  (polype-habitation) ;  and  those  of  a  stony 
hardness  are  familiarly  known  as  "  Coral : "  these  names  therefore  refer 
to  the  durable  skeleton  of  the  zoophytes,  and  not  to  the  polypes  them- 
•elves ;  but  in  familiar  writing  the  term  Coral  is  often  used  to  designate 
lJi0  ODtire  living  mass.  In  a  fossU  stale  vXie  polyparium  «\wife  x^ivc^xw*, 
except  ia  a  few  instances.     See  "  MedaVa  o£  CteaxvoTiC*  Owi.^.  Vvv. 
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9).  Among  the  branched  varieties,  some  are  covered  by 
"pores  so  numerous  as  to  be  called  Millepora :  in  many,  the 
openings  are  distant :  some  have  star-like  markings  here  and 
there ;  while  in  others,  the  whole  surface  presents  a  stellated 
structure.  In  many  species  the  fleshy  animal  matter  en- 
tirely covers  and  conceals  the  stony  skeleton  during  life  ;  in 
others,  the  latter  becomes  exposed,  and  forms  a  trunk,  having 
branches  covered  by  living  polypes;  while  in  another  and 
numerous  division  (of  which  the  common  Sertularia  is  an 
example),  the  skeleton  is  flexible,  and  is  secreted  by  the 
outer  surface  of  the  soft  parts,  and  constitutes  an  external 
protection  to  the  polypes  (JPl.  Y,Jig,  1).  In  another  family, 
the  Oorgonidm  {Lign,  145),  the  skeleton  is  of  a  homy  or 
ligneous  texture,  and  flexible,  bending  to  the  motions  of  the 
waves ;  while  in  some  it  is  jointed  or  articulated,  as  in  the 
lais  (lAgn.  143,  ^y.  3).  Sometimes  the  skeleton  is  impress- 
ed with  the  cells,  as  in  the  Madrepores  {Lign.  143,  Jig.  2)  ; 
while  in  other  species,  as  the  Eed  Coral,  the  stem  is  smooth, 
and  exhibits  no  traces  of  the  peculiar  structure  of  the 
animal,  the  polype-cells  being  formed  of  the  investing  soft 
substance  (PI.  Y.fig,  9).  Yet  amidst  all  these  varieties  of 
form,  the  same  essential  characters  are  maintained ;  in  all 
there  is  a  skeleton  or  solid  support,  and  a  fleshy  or  gela- 
tinous substance,  either  investing  the  polypidom  and  studded 
with  polypes  having  more  or  less  simple  stomachal  cavities ; 
or  constituting  separate  polypes,  but  more  or  less  intimately 
connected  by  imtermediate  animal  and  calcareous  matter. 

16.  The  Sebtulaetatt  Zoophytes.*  —  The  Hydra,  as 
above  mentioned,  p.  606,  is  regarded  as  the  type  of  the  Sertu- 
larian  Zoophytes  ;t  and,  supposing  it  to  be  invested  with  a 

♦  For  the  classification  ancf  description  of  the  members  of  this  group, 
the  reader  is  referred  to  Johnston's  "  British  Zoophytes,**  2nd  Edit. 

t  There  have  been  of  late  years  discovered  some  remarkable  points  of 
B\Mance  between  these  Hydroid  zoophytes  and  the  kc«X«^>Q&  V'iiedm*^ 
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horny  coat,  to  be  elongated  by  growth,  and  to  retain  all  the 
buds,  or  young  Hydne,  which  are  formed  on  its  axis  or  stem 
throup;hout  life,  we  might  regard  it  as  truly  analogous  to  a 
Serfularia,  The  elegant  arborescent  Sertutaria  must  be 
familiar  to  every  one  who  has  rambled  by  the  sea-side.  This 
branch  of  the  Sea-pine  {Lign,  141),  part  of  which  is  shown 
magnified  in  Jig.  2,  exhibits  the  usual  appearance  of  these 
zoophytes.  The  Sertularia  consists  of  tubes  united  together, 
and  having  lateral  apertures  for  the  protrusion  of  each 
polype ;  one  elegant  species,  the  Sertularw  seiacea,  is  very 


•Sertulauia  nigra  (Johnston). 


Fig.  1.  Natural  size.    2.  A  portion  highly  magnified  (the  tentaclei  not  being  protroded 
firom  the  cells). 

abundant  on  the  shores  at  Brighton  after  storms,  being  at- 
tached to  fuci  and  other  sea-weeds.  The  representation  of 
a  branch,  magnified  sixty  times,  in  Plate  ^ .fig,  1,  shows  the 
form  of  the  polypes,  which,  when  fully  expanded,  are  of  great 
beauty.  On  one  occasion,  when  I  was  present,  Mr.  Lister 
was  observing  a  living  specimen,  when  a  little  globular 
animalcule  swam  rapidly  by  one  of  the  expanded  polypes; 
the  latter  immediately  contracted,  ^e\ift^  \.Vi^  ^cihule^  and 
brought  it  to  the  mouth  or  central  o^emn^Xi^  VX-"^  \fc\5^\\ssviiSi.\ 
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these  gradyally  opened  a^ain,  with  the  exception  of  one 
whicli  remained  folded,  with  ita  extremtty  on  the  aoimakule. 
Tlie  mouth  indiatmctly  seemed  filled  with  huirs  or  tentaeles^ 
tliat  closed  over  the  prej,  which,  after  a  few  seconds,  was 
carried  slowly  down  into  the  stomach  j  here  it  was  imper- 
fectly seen,  atjd  soon  dJsappeareJ.* 

The  Campanidarup^  so  named  from  their  hBlUshaped  ceils 
placed  on  tbot-stalks,  also  belong;  to  the  Hydroid  polypes, 
and  are  abundant  on  our  shores*  Fh  Y^^fif-  2,  ii  a  magni- 
fied Tiew  of  a  branch  of  Cufnpanulnria  gdatinoEa,  with  several 
cells  ;  in  some  the  polypes  are  eipanded,  in  others  contract- 
ed. Examined  alive  under  the  mieroecope,  currents  of  (ui- 
niite  globules  are  seen  constantly  ronning  along  the  tubes, 
induced  by  the  action  of  the  invisible  cilia, 

17.  The  Aotikoidea,  or  CoEALLAtiiA.t— ITaving  de- 
scribed some  of  the  principal  characters  of  the  Hydroid  or 
Hydrarian  Polypifers,  the  lower  group,  in  which  dif];estion 
isi  performed  by  a  simple  gac  or  pouch,  as  in  the  comnion 
Hffdra^X  we  proceed  to  indicate  the  leading  forms  of  tho 
two  other  great  groups  §  (the  Helianthoid  or  Zoantharian 
Corals,  and  the  Alcyonarian  group),  with  some  remarks  on 
their  nature  and  habits.  In  the  Corals  proper,  the  frame- 
rork  or  polypary  is  generally  calcareoiis;  the  species  of  the 
»ft-bodied  Zoantharia  (or  Actinida>)  being  of  a  limited 
luTDber;  whilst  the  stony  or  "coraUigenous"  Zoantharia 
ave  very  numerous  species,  both  in  the  fossil  and  the  re- 

*   PhOos.  Trana,  183-1.  t>.  372. 

Mdtif  Edwurdit  und  H^ime,  Monog^  Brit  Foss.  Corala  (Paleeorit. 
r,),  IBM,  p.  J3t* 

X  See  Owen's  Tjectiires  on  the  Invertebrata.  01  the  many  notirei 
nd  monographic  of  the  ITj/dfu,  Cord  a 'a  memoir  in  the  Kova  Afta  Acad. 
K^ai,  Cur.  ToL  atviii.,  may  be  referred  to  as  one  of  the  amplest  and  most 
blJY  illustrated. 

f  There  \st  a  ihird  jgronp  or  order,  the  Poda^tmaria  (Edwards  and 
Iiiiiii«)t  repreftented  by  one  genua  oply,  the  Liicerfiaria, 
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cent  state.*  The  Actinoidea  yarj  considerably  in  relative 
size,  and  present  every  state  of  combination,  up  to  the 
enormous  aggregations  of  individuals  existing  in  the  reef- 
forming  species.  The  polypes,  too,  vary  greatly  in  size, 
from  being  microscopic  to  having  a  diameter  of  eighteen 
inches. 

The  stony  Corals  present  polypes  which  are  reaijily 
found,  on  examination,  to  present  a  close  analogy  to  the 
Actinia,  or  Sea-anemones,  which  are  so  common  on  the 
rocks  and  in  the  shallows  of  our  sea-shores ;  a  few  observa- 
tions on  these  latter  animals  will  therefore  enable  us  to 
comprehend  the  nature  of  this  group  of  polypifera.  The 
Actinia,  or  Sea-anemone,  appears,  when  quiescent,  like  a 
Bubglobular  mass  of  tough  jelly,  of  various  tints  of  crimson, 
green,  blue,  or  brown  (see  PL  YJ.fig.  11)  ;  when  expanded, 
it  presents  a  broad  disk,  surrounded  by  tentacula,  and  having 
in  the  centre  a  corrugated  surface,  which  is  contracted  into 
a  purse-like  form. 

The  Actiniae  are  affixed  to  the  rocks  by  a  broad  base,  but 
they  can  detach  themselves,  and  change  their  position ;  on 
many  parts  of  the  coast  hundreds  may  be  seen,  at  low  water, 
on  the  rocks  which  are  left  bare  by  the  reflux  of  the  tide. 
They  are  carnivorous  and  very  voracious,  feeding  on  the 
small  fish,  Crustacea,  and  mollusca  that  come  within  their 
reach.  They  may  be  kept  for  months  in  sea- water,  if  sup- 
plied daily  with  meat,  which  they  greedily  seize,  draw  into 
the  sac  or  stomach,  and  afterwards  eject  perfectly  colourless, 
having  absorbed  the  juices  and  left  the  tough  muscular 
fibre.  The  body  of  the  Actinia  is  highly  contractile  and 
full  of  chambers:  the  tentacula  are  hollow  tubes,  which 
the  animal  has  the  power  of  filling  with   sea-water    and 

*  For  the  classification  of  these  Corals,  see  Dana's  Zoophytes,  p.  112  ; 
and  Edwards  and  Haime,  loc,  cit.  Numerous  fossil  species  are  figuredl 
and  described  by  Michelin,  Iconog.  Zoophyt.  4lo,  1847. 
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thus  causing  them  to  protrude. 
The    clianibers    also    contniu 
water,  with  which  the  whole 
or  any  part  of  the  body  caiv 
be  BUetl;  an  important  agen- 
cy in  enabling  the  animal  to 
shift  ita  situation  from  place 
to  place.     The  accompanying 
plun  of  the  internal  atructure 
of   the    Actinia   {Lign.    142) 
will   serve  to  illustrate  theEie 
remarks.     The  surface  of  the 
atomach,  and  even  the  internal 
lining   of  the  tentacnla^  are 
abundantly     furnighed     with 
('ilia.     These  zoophytes  have 
no  durable  skeletons. 

IS.  Oartophtllta  ATfn  TuEBiKOLtA. — In  the  small  re- 
cent coral,  Turhin^lia  ruhra,  we  have  an  example  of  a  single 
calcareous  cup  or  "calyx,"  divided  by  vertical  lamella  or 
part itio [1.3,  arranged  in  a  radiated  manner.  This  is  the 
skeleton  or  stony  support  of  a  sin^^le  polype^  which  haa  a 
double  TOW  of  tubular  ten  taenia,  and  bears  a  great  analogy 
to  the  Actinia;  indeed^  the  recent  animal  may  be  described 
fa  an  Actinia  with  a  caleareoua  skeletonj  fixed  by  its  base.f 


LlGJf.  112.— iLLtltTaATldN  tUt  Tift  ftlTarO' 
TUIIE  OF   THU   ACTINIA,* 

flj  a,  The  bpj«  13T  whrch  the  AcMnm  jn- 
tache^  iVitlt,  bj  b,  opi'nlnfA  or  chamE>frfl 
-wh^fta  rummuntcalfr  witb  «iicb  athfr  fittd 
with  tJie  Erntjicnla,  e^  c^  Th^  ipntipula. 
The  »urrdfe  of  thft  itnmeich  Ln  seen  In  the 
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•  CTdcrpH^d^a  of  Anatomy  and  Phyaiolo^,  p,  614  :  g^e  also  the  elnbor* 
sletnd  well-ill ustrated  Ariii  le  on  FQlypifera^  by  Prof.  Rymer  JoneBt  in 
the  snme  work, 

t  The  beautifully  illastrnt^  and  cteveTly  written  works  of  Mr.  Gosse, 
m  tjic  Actio iffi  and  other  mflrinc  atiinials  found  on  Lhtj  Dorset*  BeTun, 
wi'l  Tenby  coa^t^,  are  ao  well  Itno^-n,  thai  we  need  only  to  allnde  to  them 
«i  U'mi^  highly  impoi^tajit  to  the  lovet  of  natural  history  who  wishes  to 
<tuily  these  atiimals^  The  philosophical  i^ompariaon  of  Cyathina  Smiihii 
U  iittk  comi  foand  on  our  shotesj  Eind  the  only  one)  with  Actinia,  in 
'^^te's  "  Life*"  &c,j  13  particularly  Tecommended  for  study.  See  al^o 
''Set^iide  Studies,"  in  Black wocd'^  Maga^me^  fov  l85(i-7. 
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The  fosail  conila  (p.  330,  .^_^*.  1,  2,  3)  possess  a  Bimilar  struc- 
ture. A  beautiful  livinj^'  Turbinolia,  whieb  is  marked  with 
red  and  white  handa,  la  ahown  in  P/.  VL  ^^.  8 :  and  a 
similar  Coral  with  ita  tentacula  expanded,*  in^^.  14. 

Ill  the  Car^ophyUia  possessing  more  than  one  calyx,  each 
calyx  contains  an  actiniform  polype  ;  one  of  those  of  C.fascu 
euhiaj  which  is  of  a  briffht  green  colour,  is  represented  PL 
V.  j%.  4.  In  anotlier  genus,  FoeiUopora,  the  imresting 
fleshy  integument  is  beautifully  mottled,  and  the  poly  pea, 
which  are  of  a  blue  colour,  are  terminal,  as  in  the  Caryo- 
phyllia,     A  branch,  as  seen  alive  in  the  water,  is  figured  in 

PI  y.ji^.  iL 

19.  Ma-DBepoea. —  In  the  Caryophyllacea,  just  noticed, 
the  polypes  and  their  cod  tain  in  g  calyces  are  of  relatively 
large  size;  but  in  the  family  of  branched  or  arborescent  cal- 
careous polypifera  called  Madrepores^  the  little  cups  or  cellsj 


LlOJ*   143.— aECEjnr  €01ALa. 
pulypei .  t.  tbrtnch  deprivtdof  It.  i>ave^  cuw^vlng,  und  eipo^nff  the  »rikul»(eJ  ^xli  nrtin*. 

with  radiating  lame!li&,  in  whieli  the  polypes  are  situated, 

are  of  small  size.     When  the  animals  die,  and  the  outer 

'  See  fispecmllj  Quoy  and  Gaimard^s  Voyage  de  1' Astrolabe  (AlUa), 

^nd  Dana's  Zoaphytes  (Alias),  Cot  tv^ui^a  q1  t^OT^Udiivti  fTom  namrc. 
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Meahj  or  giiitliioiis  inTesbtieat  pemhea,  the  coral  is  found 
to  be  ifcudded  orer  with  eLe^ant,  Lijnellate<i^  atellukr  cd]% 
wmxiomlj  fbnned  and  ananged  m  the  dxfer^nt  genera  and 
spedes.  In  some  the  cells  are  xerj  diatmet ;  as  in  a  Medi- 
temneaa  qicciea,  tbe  Ma^hlouom  Cbrml  {Oeuiitm  rame^ 
Ztifm,  143 J  JT^.  1) ;  in  otber*  they  are  exoeedinglv  niinute, 
mm  in  ibe  connaonMadiepore  (Jf.  mtiricmia^  Li^n,  l^^f^,  2), 
^om  tbe  West  Indies ;  tlie  white^branclied  eoral»,  so  Bumer- 
Ofis  in  coUec^ons,  belong  for  tbe  most  part  to  tbis  groop. 

Whan  aJire  in  tbe  water,  tbe  Madjepores  are  invested 
witb  m  lleaiij  iniegnment  of  Tarious  eolours ;  and  eaeb  eel! 
m  oeenpied  by  a  poljpe,  as  in  tbe  loopbytes  previously  de- 
sefibed-  'Rie  appearance  of  a  liTing  Madrepore  {Madrepora 
pl4iMta^im^%  witb  tbe  polrpes  prcitmded,  is  sbown  in  FL  TI, 
jCf.  5,  and  will  serve  to  convej  a  faint  idea  of  tbe  beautiful 
app^uanee  nf  tbe  live  oorals  in  their  natire  eleiueut. 

30.  FiJ5©LL.  —  The  white^  disciform,   lamellated  corals, 
Sea-musbtooms,  or  Mm^iai^  fitan  their  fancied  reaem- 
in  fimgj,  aie  among  the  most  ekgant  and  abundant 
of  ooraHana  in  the  cabineta  of  collectors.     These,  in  a 
Irring  tftale^  are  corered  nitb  a  thiek^  transparent,  jelly-like 
anbatuiQet  which  fills  up  aO  the  numerous  radiating  inter- 
ifticei  of  tike  calcareous  laminae  ^  in  t^e  central  depression  of 
tbe  fleahj  maas  is  aitnated  a  l»rge  polype  with  tentacula ;  in 
the  FuBgia,  there  is  but  one  polype — but  one  focus  of  vital- 
ity.   In  the  Fanjia  aciimiformis  {Fl.  \l.fg^  15),  tbe  poU^ 
ttcikinglj  leaembles  the  Actinia ;   the  wLole  surface  of  tbe 
diik  ia  oofered  with  long,  tubular,  conical,  prehensile  tenta- 
<ub»with  mmnte  t^nuiiuil  apertufea,  and  striated,  trans- 
ygse,mwffeiilar  band^ ;  these  tentacula  are  protruded  by  tbe 

I^ectioa  of  water  &i>m  below,  as  in  the  Actinia.  In  the 
Fuagii  the  atony  base  is  secreted  from  the  inferior  surface 
of  tike  soft  substance,  and  is  either  attached  or  cemented,  as 
it  were,  to  the  rock,  or  lies  free  on  the  sea-bed, 
21  AsTiLEA*  Patoxla,  Ic. — In  some  of  the  largt  iXou^ 
- 
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corals,  tbe  eells  of  flie  polypes  aie  Terj  nmneroiifl,  snd  tbe 
coralline  maaa  preaenti  a  aorface  l>eautifa]lj  marked  witb 
atellalar  impreasiona.  The  Attnea  viridU  ia  here  repre- 
aented  aa  aeen  alire  in  the  aea  {Ph  Yl.  Jig.  13).  The  poljpea 
in  thia  coral  are  of  a  dark-green  colour,  aix  lines  in  length, 
and  are  protected  bj  deep,  laminated,  polygonal  cells,  two 
lines  in  diameter.  They  are  striated  wiiii  longitudinal  and 
transverse  banda,  and  connected  by  a  fleahy  layer  whicb 
coTcrs  the  dark-brown  coral ;  aome  of  the  polypes  are  here 
shown  expanded,  and  others  contracted.  In  this  magnified 
riew  {PL  YI.  Jig.  10)  of  a  single  pcdype.  Hie  tentacula  are 
seen  expanded,  or  disposed  around  the  prominent  mouth. 
The  appearance  of  groups  of  Astrarae,  and  other  corals,  when 
Tiewed  while  tbe  animals  are  alire  and  in  activity,  is  most 
beautiful;  looking  down  through  the  clear  searwater,  the 
surface  of  the  rock  appears  one  living  mass,  and  the  congre- 
gated polypes  present  the  most  diversified  and  vivid  hues.* 

The  Pavonia  are  those  corals  which  have  deep  and  isolated 
cells,  each  containing  a  large  depressed  polype,  very  similar 
in  its  appearance  and  structure  to  the  Actinia.  PI.  Yl.Jig. 
11,  represents  a  group  of  cells  containing  polypes  of  the  P. 
lactuca,  from  the  shores  of  the  South  Sea  islands.  The 
polypes  are  of  a  green  colour,  and  there  is  a  connecting, 
transparent,  fleshy  substance,  which  extends  over  the  ex- 
treme edges  of  the  foliated  expansion  of  this  elegant  zoo- 
phyte. 

22.  M^AKDRiKA  CEEEBBiFOEMis  ;  OF  Braifu^oral. — ^The 
large  hemispherical  corals,  having  the  surface  covered  with 
meandering  ridges  and  depressions,  disposed  in  a  manner 
somewhat  resembling  the  convolutions  of  the  brain,  are  well 
known  by  the  name  of  the  Brain-stone  Coral  (Lign.  144).  In 
a  living  state  the  mass  is  invested  with  a  fleshy  substance, 
variously  coloured,  and  having  numerous,  short,  conical, 
])olypiform,  confluent  cells,  arranged  in  rows  between  the 
♦  Dana's  Zoophytes,  p.  29. 
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ridges.  This  zoophjfce  lometimes  attains  considerable  mng- 
nitude  i  a  verj  beaut iiul  specimen  in  the  British  Jiluseum  is 
'aur  feet  in  circumference.  The  base  of  the  Ma«anLirinn, 
Ice  that  of  other  corals,  la  adherent  to  the  rock.     Ae  eue 


Lias.  Hi— Ba^^is-sTDKE  Cubal, 

fleahj  maaa  expires,  another  appears,  and  gradually  expands, 
pouring  out  its  cakareons  secretion  on  tbe  parent  mass  of 
coral ;  thus  suecessive  generations  go  on  accumulating  vast 
kds  of  stony  matter,  and  laying  the  foundations  of  coral- 
reefs  and  islands.  We  may  compare,  obserYes  Sir  C.  Lyell,* 
ibe  operatioti  of  the  zoophytea  in  the  ocean  to  the  effects 
produced  on  a  smaller  scale  an  land  by  the  plants  which 
nenite  peat,  ^vhere  the  upper  part  of  the  &phaffnmn^  or 
at-iftosa,  Te^etates  while  the  lower  is  entering  into  a  mi- 
tiernl  inass^  m  wliich  the  traces  of  orgaiuzation  remain  whoji 
life  \\u  entirely  ceaE*oil,  In  these  Corals,  in  like  manner, 
•  Printipk*s  of  Geologj", 
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the  more  durable  materials  of  the  generation  that  has  •passed 
away  serve  as  the  foundation  over  which  their  progeny 
spreads  successive  accumulations  of  calcareous  matter. 

23.  Alctonjlbian  Zoophytes  :  Gobgonia,ob  SEiL-FAX. — 
The  OorgoniaJlabellum^oT  Venus's  fen  {Lign,  145), is  a  flexible 
zoophyte  inhabiting  almost  every  sea^  and  frequently  attaining 
a  height  of  four  or  five  feet.  When  fresh  from  the  water  it 
is  of  a  bright  yellow  colour.  This  species  exhibits  the  usual 
structure  of  the  corticiferous  polypifera,  or  zoophytes  having 
an  internal  axis  or  skeleton  of  a  tough  horny  consistence, 
with  an  external  envelope  or  rind  entirely  investing  the 
former.  The  Gt)rgoui8B  present  great 'diversity  of  form  and 
appearance.  This  specimen  from  the  West  Indies  (P/. 
YI.  Jig,  2)  is  remarkable  for  its  richness  of  colour,  being 
a  bright  yellow,  spotted  with  red ;  this  species  (JPL  VI. 
fig.  3),  from  the  Mediterranean,  has  its  pendant  branches 
very  elegantly  disposed,  and  is  of  a  purplish-lake  colour ; 
in  both  these  examples  the  axis  is  black,  and  of  the  con- 
sistence of  tough  horn.  Another  beautiful  species  from 
the  Mediterraneau  (the  Ghrgonia  patula  of  Ellis)  is  of  a 
bright  red,  and  has  the  openings  for  the  polypes  disposed 
in  two  rows ;  a  portion,  highly  magnified,  is  here  represent- 
ed (PZ.  Y.Jig,  3),  and  exhibits  several  polypes  in  different 
states  of  protrusion. 

These  flexible  Alyconaria  are  mostly  attached  to  the  rocks 
by  an  extended  base,  the  surface  of  which  is  usually  deprived 
of  the  fleshy  substance  that  invests  the  other  parts.  The 
stem  which  springs  from  the  base,  although  in  a  few  species 
simple,  generally  divides  into  branches,  which  are  exceed- 
ingly various  in  their  size  and  distributions : — double,  single, 
anastomosed,  pinnated,  straight,  and  pensile  ;  and  the  stems 
are  either  compressed,  flat,  angular,  or  cylindrical ;  but  in 
all  these  modifications  the  same  structure  prevails — an  axis 
and  an  external  crust  or  rind.  The  former  is  either  homy, 
elastic,  Bexible,  brittle,  or  pitlay,  seldom  stony,  and  of  a  dark 
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d1oi3p  ;  the  latter  a  eoft  or  tough  fleshj  substance,  studdeil 
itb  pores,  froTn  which  the  poljpes  issne ;  this  riiad  becomes 


«' 


earthy  and  friable  when  dried*  In  the  Iftis,  which  maj  be 
described  as  a  Grorgouia  with  a  jointed  stem,  thia  etructurc 
well  displayed,  as  in  tb is  branch  of  Ink  hippmru  {Lign.Ji§. 
3,  p.  624)  J  ill  which  a  portion  of  the  cortical  part  is  removed, 
and  the  axis  exposed.  In  the  water  the  various  species 
present  the  most  yivid  hues  of  red,  green,  violet,  and 
yeUow.  The  GorgoniBa  iohabit  deep  water,  and  are  found 
in  every  sea;  hut  certain  speeiea  appear  to  be  restricted  to 
tropical  climatea.  The  Sea-peiis  {Fennatttl^)  have  a  fleshy 
feather-like  polypary,  with  a  bony  axis,  and  live  unattach- 
ed, floating  free  in  the  water,  or  lying  on  the  sea-bo tt^im, 
marx?  or  less  hnhedded  in  sand^^  nmd. 


k. 
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Numerous  species  of  the  Asteroid  Polypes,  especially 
Alcyonium,  Grorgonia,  Pennatula,  and  their  congeners,  have 
calcareous  spicules  ♦  imbedded  in  their  leathery  or  fleshy  in- 
tegument, as  in  the  Sponges.  Homy  spicules  have  been  dis- 
covered in  some  Actini».t 

24.  The  Eed  Coral;  Corallium  rvhrum, — Among  the 
Alcyonarian  or  Asteroid  Zoophytes  are  a  few  genera  having 
an  axis  composed  of  a  calcareous  stony  substance ;  and  one 
genus  possesses  a  skeleton  of  so  beautiful  a  colour,  and  sus- 
ceptible of  so  fine  a  polish,  as  to  be  largely  employed  for 
ornamental  purposes.  The  Eed  Coral  is  a  branched  zoo- 
phyte, somewhat  resembling  in  miniature  a  tree  deprived  of 
its  leaves  and  twigs.  It  seldom  exceeds  one  foot  in  height, 
and  is  attached  to  the  rocks  by  a  broad  expansion  or  base. 
It  consists  of  a  brilliant  red  stony  axis,  invested  with 
a  fleshy  or  gelatinous  substance  of  a  pale  blue  colour,  stud- 
ded over  vdth  stellular  polypes.  This  figure  {PL  ^^Jig. 
9)  represents  a  branch  of  "  Coral "  with  several  polypes, 
highly  magnified,  as  seen  alive  in  the  water.  The  cortical 
or  fleshy  substance  is  removed  at  the  extremities  of  the 
branch,  and  the  red  stony  axis  exposed.  As  the  cells  of 
the  polypes  are  only  composed  of  the  soft  animal  matter 
which  rapidly  undergoes  decomposition  after  death,  no 
traces  of  their  structure  remain  on  the  durable  skeleton. 

The  Eed  Coral,  as  is  well  known,  is  of  a  very  hard  and 
durable  texture ;  it  is  obtained  by  dredging  in  different  parts 
of  the  Mediterranean  and  Eastern  seas,  and  forms  an  im- 
portant article  of  commerce.  It  varies  much  in  hue,  accord- 
ing to  its  situation  in  the  sea :  in  shallow  water  it  is  of  the 
most  beautiful  colour,  a  free  admission  of  light  appearing 
necessary  for  its  full  development.  It  is  of  slow  growth ; 
eight  or  ten  years,  in  a  moderate  depth  of  water,  being 
necessary  for  it  to  reach  maturity.     Arrived  at  this  period, 

♦  See  Histological  Catalogue,  Roy.  Coll.  Surg.  vol.  i.  p.  222,  pi.  13 ; 
and  Dana's  Zoophytes,  p.  53.  t  Histol.  Catal.  p.  226. 
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it  extends  but  yery  slowly,  and  is  soon  pierced  on  all  sides 
by  those  destructive  animals  which  attack  even  the  "hardest 
rocks :  it  loses  its  solidity,  and  a  slight  shock  detaches  it 
from  its  base.  Becoming  the  sport  of  the  waves,  the  polypes 
perish,  their  brilliant  skeleton  is  exposed,  and  CAst  upon  the 
shore  ;  the  bright  colour  soon  disappears,  and  the  coral,  re- 
duced to  fragments  by  the  attrition  of  the  waves,  becomes 
mixed  with  the  remains  of  shells  and  other  marine  exuvisB : 
in  this  state  it  is  drifted  inland  by  the  winds,*  and  assists  in 
forming  those  accumulations  of  the  spoils  of  the  sea,  which 
constitute  many  of  the  modern  conglomerates  described  in 
a  previous  lecture  (pp.  83  and  90). 

25.  TuBiPOEA. — This  group  of  the  Alcyonarian  corals  is 
well  known  from  the  elegance  and  beauty  of  one  species 
(Sarcinula  musicalis,  or  Organ-^ipe  coraV),  which  is  common 
in  most  collections.  This  zoophyte  is  composed  of  parallel 
tubes,  united  by  lateral  plates,  or  transverse  partitions, 
placed  at  regular  distances  (JPL  VI.  Jigs,  7,  9)  ;  in  this  man- 
ner large  masses,  consisting  of  a  congeries  of  pipes  or  tubes, 
are  formed.  When  the  animalcules  are  alive,  each  tube  con- 
tains a  polype  of  a  beautiful  bright  green  colour,  and  the 
upper  part  of  the  surface  is  covered  with  a  gelatinous  mass 
formed  by  the  confluence  of  the  polypes  ;  a  magnified  view 
of  a  polype  and  of  sections  of  two  tubes  is  here  represented 
{P/.  VI. ^y.  7).  This  species  occurs  in  great  abundance  on 
the  coast  of  New  South  Wales,  of  the  Bed  Sea^^and  of  the 
Mcducca  Islands,  varying  in  colour  from  a  bright  red  to  a 
deep  orange.  It  grows  in  the  shape  of  large  hemispherical 
masses,  from  one  to  two  feet  in  circumference ;  these  first 
appear  as  small  specks  adhering  to  a  shell  or  rock ;  as  they 
increase,  the  tubes  resemble  a  group  of  diverging  rays,  and 

•  The  term  "aBolian"  has  been  aptly  applied  by  Col.  Nelson  to  the 
terrestrial  fonnations  resulting  from  tht>  drifting  aUion  of  the  winds. 
See  Quart.  Joura.  Geol.  Sor.  vol.  is.  p.  206. 
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at  length  other  tubes  are  produced  on  the  transverse  plates, 
thus  filling  up  the  intervals,  and  constituting  a  uniform 
tubular  mass ;  the  surface  being  covered  with  a  green  fleshy 
substance,  beset  with  stellular  animalcules.  The  protruded 
polype  of  another  beautiful  species  of  Tubipore  {Tubipora 
rvheold)  is  represented  magnified,  Fl.  %fig*  4 ;  and  a  view  of 
an  expanded  polype  of  the  same  seen  from  above,  in  Jig,  6 ; 
the  polype  of  another  species  of  Tubipore  is  represented  in 
Jig,  12. 

26.  Geooraphtcal  distribtjtiok  op  Corals. — Having 
described  a  few  of  the  principal  varieties  of  the  Polypifera, 
I  will  next  consider  the  geographical  distribution  of  these 
zoophytes  ;  and  subsequently  review  the  important  physical 
changes  effected  by  creatures  so  minute,  and  apparently  so 
incompetent  to  produce  any  material  alteration  in  the  earth's 
surface. 

The  Corals  are  inhabitants  of  the  ocean ;  many  species 
prefer  the  immediate  influence  of  atmospheric  changes,  and 
are  seen  on  the  rocks  and  plants  left  bare  by  the  reflux  of 
the  tide,  sometimes  in  such  profusion  that  the  whole  surface 
appears  one  animated  mass.  At  the  period  of  the  great 
equinoctial  tides,  when  the  sea  retires  from  the  rocks  which 
it  has  overflowed  for  many  preceding  months,  the  Polypifera, 
when  the  waters  first  recede,  are  full  of  vigour,  but  languish 
as  they  lose  their  moisture,  and  perish  if  they  remain  long 
uncovered  by  the  sea. 

Some  kinds  are  situated  on  the  southern  slope  of  the 
rocks ;  others,  on  the  contrary,  are  attached  to  the  opposite 
aspect,  and  never  to  the  former.  The  larger  forms  are  rarely 
found  in  places  exposed  to  violent  currents ;  it  is  in  the  hol- 
lows of  the  rocks,  in  submarine  grottos,  in  the  shelter  of 
large  and  solid  masses,  that  these  species  attach  themselves. 
Many  appear  fitted  to  enjoy  the  powerful  action  of  the 
surges,  their  pliant  branches  bending  to  the  movements  of 
the  waves,  and  floating  in  the  agitated  water;   while  others 
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form  immoveable  roekg,  wbicb  increase  bIo^Iv  but  surely, 
until  tbej  becoine  eleyated  above  the  eurface  of  the  waters, 
and  constitute  reefs  and  islandB^  aa  I  shall  hereafter  describe. 
The  distribution  of  the  Antbo?;oa  is  not  solely  regulated 
by  the  relative  depths  of  the  water ;   like  plants^  they  vary 
with  the  cliTnate,  and  in  cold  latitudes  the  Alv^onnria  and 
some  Jl^droida  are  alone  to  be  met  with.     On  the  eoafita  of 
Britain,  between  ^(f  and  60^  of  north  latitude,  only  one  or 
two  minute  stony  corals  represent,  with  the  common  Ac* 
finia,  multitudinous  in  ita  individuals  and  varietiea,  and  a  few 
allied  but  rarer  genera,  the  Actinoidea ;  whilst  the  two  other 
groups  present  many  forms.     As  we   praceed  southward  a 
the  numbers  of  each  group  increase  ;  it  is  not,  however,  be- 
fore the  34th  degree  of  northern  latitude  that  the  Corals  be- 
eoroe  developed  to  the  grandeur  and  importance  which  they 
afterward  a  attain,  to  the  extent  of  a  parallel  Bouthern  lati* 
tude,  except,  in  the  waters  of  the  Atlantic,  around  the  Ber- 
iDuda  Islands,  where  corals  abound,  owing  to  the  temperature 
induced,  by  the  influence  of  the  Gulf-stream.*    It  is  there- 
fore within  the  tropics,  in  a  sone  of  more  than  60  degrees 
expansion,  that  these  beings,  seareely  visible  to  the  naked 
eye,  hold  their  empire   iu  a   medium  whose  temperature 
BOWS  no  change  J  and  from  the  depths  of  the  ocean  elev'ate 
hose  immense  reefs  that  may  hereafter  form  a  eommuntca- 
"tlon  between  the  inhabitants  of  the  temperate  zones.f 

•  Mr,  Dana  states  that  60°  Fahrenheit  limirs  the  growl h  of  Comls. 

•^CftTBla  or  cur,  however  M  the  Bcmiiula-S  ^hich  are  io  !at.  33%  fonr  or 
fire  deifTeea  heyond  the  Coral -limua,  bpcanse  of  the  increased  lempera- 
mre  of  the  water  occasioned  by  the  Gulf-stream  ;  on  the  other  hand,  there 
!«  DO  Coral-reefs  aronnd  the  Galapagos  Islands,  which  nre  situated  un- 
der Ihe  equator,  bccaii^e  of  the  eold  waters  of  the  southern  current  up 
)^t  South- American  const,  by  which  the  temperature  of  the  ocean  is  re- 

Piduc<fd  to  GO',  though  20'  fnnher  lo  the  west  the  waters  are  at  84'.    (.Sf*© 
Mr  Drt;ia  on  **  Areas  of  Subsidence  in  the  Pacific  Oceaiip'*  Atnerieftn 
jMumalijf  Science,  toU  xlv.  p.  131.) 
t  PtiT  delitiled  remftrlci  on  the  ^e<^aphlcal  distributiuii  ol  vW  C^jxA- 


« 


A 


6M  THE  WOSDCBS  OV  ^UfiSGT.  Ijn.TL 

Thi(  Spoogea  mre  HmDaiij  prolific  to  m  vart  extent,  pe- 
w^nting  enormoiu  mtura  and  fimtactie  ibftpn,  in  the  Medi- 
temtkfOka  and  tropicml  seme ;  whibt  a  stimted  and  limited, 
though  «tQl  Taried  and  namerons,  groap  of  Spongiads  grow 
around  the  coasts  of  the  temperate  and  colder  acas.  The 
sponges  frequent  the  fresh  waters  also ;  and  the  stndr  of 
the  grr>wth  and  structure  of  the  SpomgiUm  has  enabled 
natrindists  of  late  to  add  much  to  our  knowledge  of  these 
low  forms  of  life. 

27.  App£aba5CE  op  the  LiTnro  Cobals. — In  some 
parts  of  the  sea  the  eye  perceives  nothing  but  a  bright  sandj 
plain  at  the  bottom,  extending  for  manj  hundred  miles ;  but 
in  the  Bed  Sea,  the  whole  bed  of  this  extensiye  basin  of  water 
is  abs^ilutely  a  forest  of  submarine  plants  and  zoophyte?. 
Here  are  bryozoa  and  sponges,  sertularis,  gorgoni«,  madie- 
pr/r^,  fungiae,  and  other  anthozoa,  with  fuci,  alg»,  corallines, 
and  a]l  the  variety  of  marine  vegetation,  covering  every  part 
of  the  bottom,  and  presenting  the  appearance  of  a  submarine 
garden  of  the  most  exquisite  verdure,  enamelled  with  animsl 
forms,  resembling,  and  even  surpassing  in  splendid  and 
gorgeous  colouring,  the  parterres  of  the  East. 

Khrenberg,  the  distinguished  German  naturalist,  who  has 
laboured  so  assiduously  and  successfully  with  pen  and  pencil 
in  illustrating  the  natural  history  of  the  Infusoria  and  Fora- 
minifera,  was  so  struck  with  the  magnificent  spectacle  pre- 
sented by  the  living  Corals  in  the  Bed  Sea,  that  he  exclaimed 
with  enthusiasm,  "  Where  is  the  paradise  of  flowers  that  can 
rival  in  variety  and  beauty  these  living  wonders  of  the 

Isrian  Zoophyten,  the  reader  is  referred  to  the  works  of  Lamourouz, 
Blainville,  Dana,  Darwin,  and  others.  With  regard  to  the  Bryozoan 
Zoophytes,  an  excellent  synopsis  of  their  distribution  in  depth,  according 
to  the  marine  zones,  on  the  British  coast,  may  be  seen  in  Mr.  Alder's 
"  Catalogue  of  the  Zoophytes  of  Northumberland  and  Durham,"  Trans. 
Tyneidde  Nat.  Field-chib,  vol.  ii.  p.  98,  and  iu  the  Microscop.  Journal, 
18&7,  p,  242,  To  Mr.  Allman's  bea\\\itw\  moTvo^«».^\i  «^  ^«^\%.^.^^«x 
BrroMotau  (Ray  Society,  1856)  we  ^ave  aXtea^^j  TeUrc^vX. 
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ocean?"  Some  have  compared  the  appearance  to  heds  of 
tulips  or  dahlias  ;  and,  in  truth,  the  large  fungise,  with  their 
crimson  disks  and  their  purple  and  yellow  tentacula,  hear  no 
slight  resemhlance  to  the  latter. 

The  impressions  produced  upon  first  seeing  a  grove  of  live 
Corals  are  thus  vividly  portrayed  hy  Mr.  Jukes  .♦— 

"  In  a  small  bight  of  the  inner  edge  of  this  reef  was  a  sheltered  nook, 
where  the  extreme  slope  was  well  exposed,  and  where  every  coral  was  in 
full  life  and  luxuriance.  Smooth  round  masses  of  mseandrina  and  astrea 
were  contrasted  with  delicate  leaf-like  and  cup-shaped  expansions  of  ex- 
planaria,  and  with  an  infinite  variety  of  branching  madreporse  and  seria- 
toporae,  some  with  mere  finger-shaped  projections,  others  with  large 
branching  stems,  and  others  again  exhibiting  an  elegant  assemblage  of  in- 
terlacing twigs,  of  the  most  delicate  and  exquisite  workmanship.  Their 
colours  were  unrivalled,  —  vivid  greens,  contrasting  with  more  sober 
browns  and  yellows,  mixed  with  rich  shades  of  purple,  from  pale  pink  to 
deep  blue.  Bright  red,  yellow,  and  peach-coloured  nuUiporae  clothed 
those  fleshy  masses  that  were  dead,  mingled  with  beautiful  pearly  flakes 
of  eschara  and  retipora ;  the  latter  looking  like  lace-work  in  ivory.  In 
among  the  branches  of  the  corals,  like  birds  among  trees,  floated  many 
beautiful  fish,  radiant  with  metallic  greens  or  crimsons,  or  fantastically 
banded  with  black  and  yellow  stripes.  Patches  of  clear  white  sand  were 
seen  here  and  there  for  the  floor,  with  dark  hollows  and  recesses,  beneath 
overhanging  masses  and  ledges.  All  these,  seen  through  the  clear  crystal 
water,  the  ripple  of  which  gave  motion  and  quick  play  of  light  and  sha- 
dow to  the  whole,  formed  a  scene  of  the  rarest  beauty,  and  left  nothing 
to  be  desired  by  the  eye,  either  in  elegance  of  form  or  brilliancy  and 
harmony  of  colouring." 

The  vast  abundance  and  variety  of  animal  life  in  these 
Coral  formations  is  thus  vividly  depicted  by  the  same  natur- 
alist : — 

*'  A  block  of  coral-rock,  that  was  brought  up  by  a  fish-hook  from  the 
bottom  of  one  of  our  anchorages,  had  its  surface  covered  with  brown, 
crimson,  and  yellow  nuUiporae,  many  small  actiniae,  and  soft-branching 
corallines,  sheets  of  flustra  and  eschara,  and  delicate  retiporee,  looking 
like  beautiful  lace-work  carved  in  ivory.  There  were  several  small 
sponges  and  alcyonia,  sea-weeds  of  two  or  three  species,  two  species  of 

•  "Narrative  of  the  Surveying  Voyage  of  H.  M.  9>.  Fl-y/m  Y^^a.- 
JSJ6;  *'  hyJ.  B,  Jukes,  Naturalist  to  the  ExpedilioTV,  no\.  *\.  ^AV^ » 
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comatula,  and  one  of  ophiura,  of  the  most  delicate  colours  and  maikii^, 
and  many  small,  fiat,  round  corals,  something  like  nummolites  in  exteniai 
appearance.  On  breaking  into  the  block,  boring  shells  of  several  speciei 
were  found  buried  in  it :  tubes  formed  by  annelida  pierced  it  in  all  direc- 
tions, many  still  containing  their  inhabitants :  while  two  or  three  womu, 
or  nereis,  lay  twisted  in  and  out  among  its  hollows  and  recesses ;  inirhich 
likewise  were  three  small  species  of  crabs.  This  block  was  not  above  & 
foot  in  diameter,  and  was  a  perfect  museum  in  itself,  while  its  outside 
glared  with  beauty  from  the  many  brightly  and  variously  coloured  animaU 
and  plants.  It  was  by  no  means  a  solitary  instance ;  every  block  that 
could  be  procured  from  the  bottom  in  from  10  to  20  fathoms  was  like  it. 
What  an  inconceivable  amount  of  animal  life  must  be  here  scattered 
over  the  bottom  of  the  sea,  to  say  nothing  of  that  moving  throu^  its 
waters;  and  this  through  spaces  of  hundreds  and  hundreds  of  miles! 
Every  comer  and  crevice,  every  point  occupied  by  living  beings,  which, 
as  they  become  more  minute,  increase  in  tenfold  abundance."  Ibid. 
vol.  i.  p.  17. 

28.  Coral-beefs. — The  vast  accumulations  of  calcareous 
rocks  in  tropical  seas,  resulting  from  the  consolidation  of  tbe 
disintegrated  skeletons  of  poljpifera,  have  already  been  al- 
luded to,  but  the  physical  changes  that  are  produced  by  suck 
apparently  inadequate  means  require  further  consideration, 
since  they  illustrate  the  formation  of  the  coralline  rocks  of 
the  secondary  and  palaeozoic  epochs. 

Mr.  Juke's  description,  above  quoted,  of  a  composite 
block  of  Coral  illustrates  this  point ;  and  in  the  little  Flustra 
of  our  coast  (p.  612),  delicate  and  brittle  though  they  be, 
we  perceive  the  elements  of  those  important  changes  to 
which  the  large  lamellar  corals  of  tropical  seas  are  giving 
rise.  In  the  specimen  before  us,  you  may  observe  that  the 
base  of  the  mass  of  a  Flustra  foUacea^  which  is  about  six 
inches  in  diameter,  is  already  consolidated  by  an  aggregation 
of  sand,  that  has  filled  up  the  interstices.  On  the  surface 
are  numerous  parasitical  shells  and  Corals,  and  between  tbe 
convolutions  of  its  foliated  expansions,  echini,  Crustacea,  and 
other  animala  have  taken  sheVtex  *,  ^\i\\e  ^^cjid  and  mud  have 
invested  every  cranny  of  t\ie  loafer  ^i\\\t^  ol  ^tJ^a  ^^^MOMg^v^ 


COfiAL-R£EP  OP  LOO  CHOO. 

^ea  of  sheila.     It  is  eWdent  that,  were  the  whole  ape^i.  , 

linen  filled  up  and  surrounded  by  detritus^  as  it  shortly  would 

rhe  at  the  bottom  of  the  sea,  a  solid  block  would  be  formed, 

exhibiting,  when  broken,  the  remaini  of  the  Flut^tra,  impact- 

in  a  eonglonierate  of  sand^  sheila,  and  zoophytes.     Thus 

'■  perceive  that  even  the  delicate,  friable  skeletons  of  t  e 

Ittstrse  of  our  shores  may  become  the  nuclens  of  a  solid 

and  in  the  process  deaeribed,  we  have,  aa  it  were  in 

I  mmiature,  the  formation  of  a  Coral-reef* 

2S,*  ConAL-REEF  OF  Loo  Ckoo, — But  it  is  in  tropical  Bcaa 
tJmt  the  M^andrin^,  Astr(sm^  Om-ffoph^Uia^  and  other  stony 
J  Oondfi  torm  those  immense  masses,  which  not  only  give  rise 
ho  groups  of  ialanda  in  the  bosom  of  the  ocean,  but  are  gra- 
I  iuUy  forming  tracts  of  such  extent  that  a  new  continent 
I  JBay  spring  up  where  the  fabled  Atalantis  is  supposed  to 
[kve  once  flourished.  From  the  many  interesting  deserip- 
jtiom  of  the  nature  and  formation  of  Coral-reefs  and  islands 
I  that  have  been  puhlished  by  our  voyagers,  I  select  the  fol- 
llttwiug  account,  by  Captain  Basil  Hall,  of  a  Coral-reef  near 
Itte  ^eat  island  of  Loo  Choo  : — 

"  When  the  tide  has  left  the  rock  for  some  time  dry,  it  appears  to  btj 

it  etmpajci  niBLss,  exceedingly  hard  tmd  riig^ud :  but  as  die  water  rittus, 

the  waves  begin  to  wash  over  it^  the  polypes  protrude  theoiaelvei* 

ilm  which  were  before  inviaibla.     These  animals  are  of  a  great 

'^Miety  of  slmpea  and  sizes,  and  m  such  prodigious  numbers,  that  in  a 

^*Jtott  time  the  whole  surfuce  of  the  rock  appears  to  be  alive  and  m  nio- 

tioti.    The  most  common  form  U  that  of  a  star,  with  arms  or  tentacula^ 

^hich  are  moved  about  with  a.  rapid  motion  in  all  dir«^ctiotia,  probably  to 

I  OiUeh  food.     Others  are  so  slug^gUh  that  tbey  may  be  mistaken  for  pieces 

'  *f  the  lock^  and  ar^  generally  of  n  dark  colour*    When  the  coral  is 

"ti  above  high-water  mark,  it  b  a  solids  hard  stone  ;  but^  if  any  part 

be  detached  at  n  spot  where  the  tide  reaches  every  ditVj  it  ii  found 


•  Some  reefs  are  nearly  wholly  composed  of  Serpulfls  and  Serpuloid 
Adls;  others  of  Null ip(>regs  and  similar  calciferouit  sea-plants  ;  and  in  all 
"^"fft  the  Bnrozoa  supply  much  material,  thongb  seldom  fovmd  in  such 
"^  aa  in  tJiD  Crag,  and  In  th^  .Uaestricbt  and  Faxoe  C\ia\W. 
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to  be  full  of  polypes  of  different  lengths  and  colours ;  some  being  as  fine 
as  a  thread,  of  a  bright  yellow,  and  sometimes  of  a  blue  colour.  The 
growth  of  coral  appears  to  cease  when  no  longer  exposed  to  the  washing 
of  the  sea.  Thus  a  reef  rises  in  the  form  of  a  cauliflower,  until  the  top 
has  gained  the  level  of  the  highest  tides,  above  which  the  animalcules 
have  no  power  to  advance,  and  the  reef  of  course  no  longer  extends 
upwards." 

29.  C0EAL-ISLA.NDS. — Kotzebue,  Flinders,  Quoi  and  Ghd- 
mard,  Darwin,  Dana,  Jukes,  and  others  have  severally  de- 
scribed the  formation  of  Coral-islands ;  the  following  is  an 
abstract  of  their  observations : — 

The  coral-banks  are  everywhere  seen  in  different  stages  of  progress : 
some  are  become  islands,  but  not  yet  habitable  ;  others  are  above  high- 
water  mark,  but  destitute  of  vegetation ;  while  many  are  overflowed  with 
every  returning  tide.  When  the  polypes  of  the  corals  at  the  bottom  of 
the  ocean  cease  to  live,  their  skeletons*  still  adhere  to  each  other ;  and, 
the  interstices  being  gradually  filled  up  with  sand  and  broken  pieces  of 
corals  and  shells,  washed  in  by  the  sea,  a  mass  of  rock  is  at  length  formed. 
Future  races  of  these  animalcules  spread  out  upon  the  rising  bank,  and 
m  their  turn  die,  and  thus  increase  and  elevate  this  wonderful  monument 
of  their  existence. 

The  reefs  which  raise  themselves  above  the  level  of  the  sea  are  usually 
of  a  circular  or  oval  form,  and  surrounded  by  a  deep  and  oflentimes  un- 
fathomable ocean.  In  the  centre  of  each,  there  is  generally  a  shallow 
lagoon  with  still  water,  where  the  smaller  and  more  delicate  kinds  of 
zoophytes  find  a  tranquil  abode  ;  while  the  stronger  species  live  on  the 
outer  margin  of  the  isle,  where  the  surf  dashes  over  them.  When  the 
reef  is  dry  at  low  water,  the  coral-animals  cease  to  increase.  A  con- 
tinuous mass  of  solid  stone  is  then  seen,  composed  of  shells,  echinodermSy 
and  fragments  of  corals,  united  by  calcareous  sand,  produced  by  the  pul- 
verization of  the  shells  and  of  (he  friable  polyparia.  Fragments  of  coral- 
limestone  are  thrown  up  by  the  waves ;  these  are  cracked  by  the  heat  of 
the  sun,  washed  to  pieces  by  the  surge,  and  drifted  on  the  reef.     After 

*  The  chemical  constitution  of  the  polyparies  of  Alcyonarian  and 

Actinoidean  Corals  is  treated  of  by  Prof.  Dana  in  his  "  Zoophytes,"  p- 

56,  and  by  Prof.  B.  Silliman,  jun.,  in  the  Appendix  to  that  work.     Mr* 

B.  SiUiman  has  shown,  contrary  to  expectation,  that  they  contain  a  mucl>> 

lureer  proportion  of  fluorine  than  oC  p\io>4\iViotv<i  «LC\d, 
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this  the  calcareous  mass  is  undisturbed,  and  offers  to  the  seeds  of  the 
oocoa,  pandanus,  and  other  trees  and  plants,  floated  thither  by  the  waves, 
a  soil  on  which  they  rapidly  grow,  and  OTershadow  the  white  dazzling 
Surface.  Trunks  of  trees,  drifted  by  currents  from  other  countries,  find 
here  at  length  a  resting-place,  and  bring  with  them  some  small  animals, 
•8  lizards,  insects,  &c.  Even  before  the  trees  form  groves  or  forests,  sea- 
lurds  nestle  there,  and  strayed  land -birds  find  refuge;  and  at  a  still  later 
period,  Han  takes  possession  of  the  newly-created  country.  It  is  in  this 
manner  that  the  Polynesian  Archipelago  has  been  formed.  * 

The  immediate  foundations  of  these  islands  are  ancient  coral-reefs,  and 
some  of  these,  in  all  probability,  are  based  on  the  cones  or  craters  of  sub- 
marine Yolcanos  long  since  extinct ;  and  others  on  the  lofty  peaks  of  a 
submerged  continent  which  has  undergone  a  slow  subsidence,  and  thus 
admitted  of  the  growth  of  successive  generations  of  the  coral -secreting 
zoophytes,  and  the  formation  of  immense  beds  and  zones  of  submarine 
coral-rocks.  There  is  another  circumstance  worthy  of  remark  :  most  of 
these  islands  have  an  inlet  through  the  reef  f  opposite  to  the  large  valleys 
of  the  neighbouring  land,  whence  numerous  streams  issue  and  flow  into 
the  sea ;  an  easy  ingress  is  thus  afforded  to  vessels,  and  the  means  of  ob- 
taining an  abundant  supply  of  fresh  water  readily  offered. 

Of  the  immense  extent  of  the  changes  here  contemplated 
we  may  form  some  idea  from  the  facts  stated  by  competent 
observers,  that  in  the  Indian  Ocean,  to  the  south-west  of 
Malabar,  there  is  a  chain  of  reefs  and  islets  480  geographical 
miles  in  length ;  on  the  east  coast  of  New  Holland,  an  un- 
broken reef  350  miles  long  ;  between  that  and  New  Q-uinea, 
a  Coral-formation  whicb  extends  upwards  of  700  miles  ;  and 
that  Disappointment  Islands  and  Duft's  Group  are  connect- 
ed by  600  miles  of  Coral-reefs,  over  which  the  natives  can 
travel  from  one  island  to  another. 

30.  FoBMATioN  OP  CoBAL-iSLAKDS. — From  the  grand 
scale  on  which  these  operations  have  been  carried  on  in  the 
Pacific,  and  the  powerful  volcanic  action  of  which  those 
latitudes  have  been  the  theatre,  as  shown  by  the  elevatory 

•  At  least  so  much  of  it  as  can  be  truly  said  to  be  of  late  origin.     Some 
of  the  islands,  on  the  other  hand,  are  probably  the  coral-crested  smking 
]  eaks  of  a  mountainoua  and  possibly  once  coTvl\iveiil8\  wt^. 
/  Analogous  to  the  broken  side  of  a  crater. 
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movements  to  which  the  neighbouring  continents  have  beed 
subjected,  the  extremely  small  extent  of  dry  land  in  that 
world  of  waters  is  a  very  striking  phenomenon.  This  re- 
markable fact  was  supposed  by  Sir  C.  Lyell*  to  admit  of 
explanation,  on  the  supposition  that  a  gradual  subsidence 
had  been  going  on  for  ages  over  a  vast  area  of  the  bed  of  the 
Pacific,  which  occasioned  the  solid  materials  produced  by 
the  Coral-zoophytes  to  sink  down  beneath  the  waters,  and 
therefore  no  considerable  additions  were  made  to  the  diy 
land  above  the  level  of  the  sea :  the  Polynesian  Archipelago 
and  the  submerged  Coral-reefs  alone  indicating  the  Bta- 
pendens  changes  effected  by  zoophytal  agency.  This  opinion 
has  been  confirmed  by  the  observations  of  Mr.  Darwin, 
whose  explanation  of  the  mode  in  which  the  formation  of 
Coral-islimds  takes  place  is  a  beautiful  example  of  philo- 
sophical induction. 

The  coral-reefs  are  described  by  Mr.  Darwin  as  of  three  distinct  kinds, 
arising  from  the  different  circumstances  attending  their  production.  First) 
Atolls  ;f  secondly,  barrier-reefs,  which  are  ridges  of  coral  either  extend- 
ing in  straight  lines  in  front  of  the  shores  of  a  continent  or  large  island, 
or  encircling  a  group  of  small  islands,  and  separated  from  the  land  by  & 
deep  channel  of  water;  ihxxAXy,  fringing -reefs,  or  banks  of  coral  supw- 
imposed  on  the  slopes  of  the  adjacent  land,  and  at  no  great  distance  from' 
the  shore. 

By.  the  gradual  subsidence  of  the  land,  and  the  coincident  upward 
growth  of  the  corals,  fringing-reefs  are  gradually  converted  into  barrier- 
reefs,  and  the  latter  into  Atolls.  Hence  it  is  inferred,  that  coasts  merely 
fringed  by  reefs  have  not  subsided  to  any  considerable  amount,  but  either 
have  remained  stationary,  or  have  been  upheaved,  since  the  growth  of  the 
coral.  When  a  barrier-reef,  encircling  an  island,  gradually  sinks  down« 
the  corals  go  on  growing  vigorously  upwards ;  but,  as  the  island  sinkSi 
the  water  gains  inch  by  inch  on  the  shore,  and  the  mountain-tops  at  length 
become  separate  islands,  within  one  great  reef;  and  ultimately  the  high* 
est  pinnacle  disappears,  and  a  perfect  Atoll  is  formed.  Hence  lagooU' 
islands,  having  originated  from  encircling  barrier-reefs,  resemble  them  1*^ 

♦  Principles  of  Geology,  1st  edition. 
/  The  circular  or  lagoon  islands  aie  ao  called  by  the  natives. 
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general  size  and  form,  and  in  the  manner  in  which  they  are  grouped  to- 
gether ;  and  they  may  be  regarded  as  outline-charts  or  models  of  the 
smiken  islands  they  now  surmount.  By  this  theory  of  the  upward  growth 
of  polypifera  during  the  subsidence  of  the  land  on  which  they  are  based, 
Mr.  Darwin  satisfactorily  explains  all  the  leading  phenomena  of  those 
marvellous  structures,  the  barrier-reefs,  and  of  those  fairy  coral-islands 
that  begem  the  vast  expanse  of  the  Pacific,  and  flourish  in  the  midst  of 
its  mighty  billows.  The  narrow  belt  of  land  of  these  insular  zones,  fre- 
quently but  a  few  hundred  yards  wide,  is  surrounded  by  a  deep  and  often 
unfathomable  ocean,  and  encloses  a  lake  of  tranquil  water ;  it  is  crowned 
with  cocoa-nut  trees,  clothed  with  a  luxuriant  tropical  regetation,  and 
begirt  with  a  beach  of  glittering  sand,  on  which  are  constantly  dashing 
the  snow-white  breakers  of  the  azure  sea.  Nowhere,  as  Mr.  Darwin 
beautifully  remarks,  can  be  found  such  wonderful  proofs  of  the  power  of 
vitality  to  repel  the  influence  of  mechanical  force ;  for  the  breakers  far 
exceed  in  violence  those  of  our  temperate  regions,  and  it  is  impossible  to 
behold  them  without  feeling  a  conviction,  that  rocks  of  quartz  or  granite 
would  speedily  be  demolished  by  such  irresistible  agents;*  and  yet 
there  stand,  immoveable,  those  marvellous  monuments — 

**  Raised  by  the  feeblest  creatures  in  existence," 

unscathed  by  the  raging  billows,  and  smiling  with  perpetual  verdure, — 
the  oases  of  that  vast  wilderness  of  waters  !  t 

31.  Montgomery  on  Coral-islands.  —  The  formation 
of  islands  and  continents  by  the  vital  energies  of  countless 
myriads  of  minute  beings,  tbe  unconscious  living  instru- 
ments of  stupendous  physical  changes,  is  invested  with  so 
much  of  the  sublime  and  the  marvellous,  as  to  form  a  sub- 
ject alike  calculated  to  engage  the  attention  of  the  philo- 
sopher and  to  excite  the  imagination  of  the  poet ;  and  I  am 
tempted  to  relieve  this  detail  with  the  following  beautiful 
lines  by  James  Montgomery : J — 

♦  See  Mr.  Darwin's  delightful  volume,  "  On  the  Structure  and  Distri- 
bution of  Coral  Reefs." 

t  The  striking  isolation  of  these  tiny  specks  of  land  on  the  vast  ex- 
panse of  ocean  can  be  best  realized  by  a  survey  of  Mr.  Wyld's  great  Model 
of  the  Earth. 

/  From  "Tie  Pelican  Island,"  by  JamesMoTit^omers. 
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**  I  saw  the  living  pile  ascend, 
The  mausoleum  of  its  architects, 
Still  dying  upwards  as  their  labours  closed ; 
Slime  the  materials,  but  the  slime  was  turned 
To  adamant  by  their  petrific  touch. 
Frail  were  their  frames,  ephemeral  their  lives, 
Their  masonry  imperishable.    All 
Life's  needful  functions,  food,  exertion,  rest, 
By  nice  economy  of  Providence* 
Were  overruled  to  carry  on  the  process, 
Which  out  of  water  brought  forth  solid  rock. 
Atom  by  atom,  thus  the  mountain  grew 
A  Coral-island,  stretching  east  and  west ; 
Steep  were  the  flanks  with  precipices  sharp. 
Descending  to  their  base  in  ocean-gloom. 
Chasms  few,  and  narrow,  and  irregular, 
Form'd  harbours,  safe  at  once  and  perilous ; 
Safe  for  defence,  but  perilous  to  enter. 
A  sea-lake  shone  amidst  the  fossil  Isle, 
Reflecting  in  a  ring  its  cliffs  and  caverns, 
With  heaven  itself  seen  like  a  lake  below. 
Compared  with  this  amazing  edifice. 
Raised  by  the  feeblest  creatures  in  existence. 
What  are  the  works  of  intellectual  man, 
His  temples,  palaces,  and  sepulchres  ? 
Dust  in  the  balance,  atoms  in  the  gale, 
Compared  with  these  achievements  in  the  deep, 
Were  all  the  monuments  of  olden  time ! 
Egypt's  grey  piles  of  hieroglyphic  grandeur, 
That  have  survived  the  language  which  they  speak, 
Preserving  its  dead  emblems  to  the  eye, 
Yet  hiding  from  the  mind  what  these  reveal ; 
Her  Pyramids  would  be  mere  pinnacles, 
Her  giant  statues,  wrought  from  rocks  of  granite. 
But  puny  ornaments  for  such  a  pile 
As  this  stupendous  mound  of  catacombs, 
Fiird  with  dry  mummies  of  the  builders,  worms  !  " 

32.  PossiL  Zoophytes. — The  conditions  under  wl 
corals  and  other  zoophytes  are  preserved  in  the  mini 
kingdom,  and  the  formation  of  conglomerates  from  the  de 
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of  corals  and  abella,  have  been  described  in  tbe  preTioufl 
lectures ;  in  this  place  I  shaD  oifer  a  curaory  review  of  the 
geological  diatribution  of  fossil  zoophjtea,  without  etatering 
npon  details  which  will  be  found  more  or  leas  fully  exem- 
plified in  the  account  of  the  organic  remains  of  tbe  respective 
systems  of  deposits. 

The  corai-limestonei  now  forming  on  the  eliorea  of  the 
Bermuda  and  Bahama  Islands  (see  p,  83),  and  similar  con- 
glomerates on  those  of  the  Isle  of  Ascension  (p.  89),  prove 
that  at  the  present  time  accumulations  of  calcareous  stone 
are  going  on  aualogoua  in  character  to  many  of  the  fossili- 
feroua  deposits  of  the  Chalkj  Oolite,  and  other  ancient  form- 
ation a.  Mr.  Darwin  baa  observed  a  similar  effect  in  the 
Pacific,  where  disintegrated  coral-reefs  give  riae  to  vast  de* 
posits  of  calcareous  detritus,  which,  when  dry,  closely  re- 
8embte3  soft  chalk.  In  the  West  Indies,  blocks  of  silicified 
mffiandrin^,  astrsese,  and  other  reef-forming  species  are 
bundantly  distributed  in  the  superficial  alluvium  of  Antigua 
ad  other  islands.  The  pliocene,  or  newer  tertiary  of  Pa- 
ao,  abounds  in  corals,*  some  of  which  belong  to  species 
still  inhabit  the  Mediterranean.  In  the  Crag,  there 
a  few  species  of  extinct  corala^f  with  many  forms  of 
^ejom%  chiefly  now  nnknown  as  natives  of  the  adjacent 
seaa.  The  miocene  of  North  America  contain  many  kinds 
of  zoophytes,  aome  of  which  appear  to  be  peculiar  to  those 
itrata4  la  the  eocene  deposits  theie  are  several  extint^t 
^uera  and  many  species.  Excepting  four  genera  in  the 
umg,§  we  have  in  England  no  fossil  corala  of  younger  age 

•  Michelottu  Spec.  Zoophyt.  Uiluv.^  and  Michelin,  hoiiiographie  ZoGphy- 

*,  have  fipired  and  dostTiWd  Ecany  of  tliese» 
^  See  Edwaxda  and  Haime's  Monograph  of  Brit,  Fosa,  CoralSp  PalBeOBl, 
^>c.  1S50 

X  See  report  onCorak  from  the  Tertiary  ForrnatioTis  of  North  Americn, 
f  Mr*  Lutifldftlei  Geo!.  Soc,  Journal,  toI.  L  p.  49 &. 
j  And  a  Millepore  hi  the  Pleistocene  bed?*  of  Ayrshire. 
2  t2 
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tlma  those  of  tlie  Braeklesham  and  London  clftya  of  eocene 
ftge.*    It  is  interestingj  however,  to  observe  tlmt  tlie  miocene 

ktertiariea  of  Austria  contain  reefs  both  of  true  coral  sand  of 
the  vegetable  corallineg  (Nullipores)  j  the  former  proving 
that  in  tertiary  times  the  Yienna  basin  wm  a  contintioue 
iea  with   the  present   area  of  the   Red   8ea,  the  nearest 


LiQH.  ua— Rwra  KooPBTTiWi  ISO*  PAmmraMK,  tiRWia. 


f  pud  4.  JTif  rMM. 


point  where  such  corals  are  now  found, and  whica  was  probably 
a  portion  of  the  channel  of  some  old  north-going  current  of 
warm  water,  like  the  exiating  Onlf-atream.t  lu  the  Chalk- 
formation  of  England  corals  +  are  not  abundant ;  throughout 
vast  areaa  of  the  fine  white  chalk  there  are  no  conaiderabl© 
beds  of  corak,  nor  appearance  of  coral-reefs ;  the  epeciea 
•  Edwards  and  Haime,  toe.  cU.  f  Ungcr,  Prt.ceed.  Vk^mm  Acad,  \d^^ 
t  Edwards  and  Raiw,op,  ciC,  13.  44. 
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for  the  most  part  amaU  aud  delicate  (p.  330).  There  araj 
however,  muiierous  genera  and  8j>ecie8  of  the  brjozoa  and 
sponges  in  the  chalk  and  its  associated  beds. 

The  manner  in  which  the  remains  of  polypifem  ai-e  dis- 
tributed  in  our  white  cbalk  involves  an  interesting  inquiry ; 
they  occur  promiscuously  internmigled  with  shelU,  echini, 
and  fishes ;  we  find  no  beds  of  corals — nothing  to  point  out 
the  former  es^istence  of  reefs.  This  phenomenon,  however^ 
is  in  accordance  "with  the  general  lithological  character  of 
the  Chalk-formation,  and  the  nature  of  its  organic  remains ; 
buth  of  whieli  indicate  a  profound  ocean.  Ab  polypifera  can 
only  exist  at  moderate  depth s^  the  occmrence  of  coral-reefa 
was  not  to  be  expected,  except  in  those  areas  which  may  be 
Bupposed  to  have  been  formed  in  the  b hallows,  or  near  the 
sea-shores. 

The  cretaceous  coral-reefs  evidently  existed  further  south, 
for  the  Hippunte-limcstone  of  the  south  of  Europe  and  the 
Gosau-ohalk  of  the  Eastern  Alps  abound  with  corals.*  Corals 
are  not  uncommon  aliso  in  the  IVlaea  trie  Lit  chalk. 

la  the  Danish  islands  of  Se  eland  and  Mo  en,  the  flinty 
cWk  is  covered  by  bryoxofin  limestone,  some  portions  of 
which  form  a  compact  building-stone,  while  others  are 
Jnere  masses  of  bryozoa  cemented  together  by  a  white  de- 
tntus.  These  beds  belong  to  the  Chalk-formation;  for, 
although  they  abound  in  univalve  sheila  not  common  in  our 
cretaoeoua  strata,  yet  a  large  proportion  of  the  sponges, 
bryoioa,  echinites,  and  belemnites  are  identical  with  those 
^  the  English  Chalk.  8ir  C.  Lyell  therefore  infers,  *'  that 
^ ,  fc  peculiarity  of  the  foasil  iauna  of  Faxoe  f  w  as  produced 
by  geographical  conditions,  such,  for  example j  as  the 

'  Hkhelin,  Icoii.  Zoophyt  plates  64  lo  73  ;  and  Reos^,  TrKii§.  Vienna 
d-  vol  tti. 

t  k  locality  in  Den  mark,  where  tlje&e  depoisiia  are  beat  diaplajed.  See 
W.  Tmtui.  2nd  sier.  vol.  v,  p.  243» 


* 


Bi6 


TKl  WOKDEftS  0F  GEOLOOr. 


UCT.  VI 


local  eliallowness  of  that  part  of  the  cretiieeoua  sea,  than  by 
any  general  change  in  the  creatures  in  Labi  ting  the  oeeau, 
effected  in  the  pt^riod  that  may  have  intervened  hetweea 
the  formation  of  the  White  Chalk  and  the  Faxtje  lime- 
stone." The  same  u\^j  be  said  of  the  bryozoiterous  stratfl 
at  Maestri cbt,  which  contain  alao  numerous  nulliporea. 

The  remains  of  sponges  are  very  frequent  in  the  chalk,* 
and  in  many  places  not  only  do  they  swann  in  the  lirae- 
stone,  but  also  in  the  flinta ;  so  that  almost  every  Bodde 
enelosea  a  sponge  or  other  poriferous  zoophyte.  The  Upper 
Greensand  in  some  localities  eontaina  immense  numbers  of 
porifera^t  The  graveUpits,  as  they  are  called,  in  the  neigh- 
bourhood of  Farriugdon4  in  Berkshire,  are  extremely  pro- 


UDfiKiir^—Fi^MiL  znopinrTs  rsoM  tot  Up**b  oolite  at  c.\k^, 

f  (^tntmiopvv  fun^fotmi*.  Lanwnnmr.J 

lific  in  fossils  of  this  kind.     These  beds  consist  of  a  coarse 

•  Michelin.  Icon.  ZtK^,  pktes  28  to  42. 

t  Mias  Benett'9  Caial.  Wi^shire  Fomh,  Mo,  I81G. 

I  See  Mr,  Austen's  Memoir  on  the  Fosailiferoua  Siuida  and  Gravels  of 
Farringiion,  Quart*  Jourti-  ReoL  Soe.  visl.  vj,  p.  464;  ftud  Mr.  D. 
'^arpe's  Memoir  oa  the  ^me  a\ibiec^,i^id-'^^^*^-  ^.\l^. 


VENTRICBXITES  OF  THE  CHALK* 

fcuible  conglomerate,  fonwed  of  sand,  aKellB,  bryozoa, 
sponges, eebinoderms,  and  the  debris  of  other  marine  animab, 
impregnated  with  iron;  some  layers  of  concretionarj  in* 
durated  maasea  oceur,  originatiog  from  infiltration  of  car- 
bonate of  lime. 

They  contain  myriads  of  perfect  shells  and  Koophjtes ; 
casts  of  nantili^  water- worn  and  other  fosaile  from  the  Oolites, 
belemuites,  &c.  The  Y<trticilUpora  anastomomm  *  {Li^n.  146, 
/^.  S)  is  a  very  elegant  ^oopbyte  often  met  with  in  this  lo- 
(ility. 

One  of  the  tnoit  abundant  and  perfect  of  the  sponge^like 
fdrms  is  a  cjatbifonn  zoophyte  called  "  Fe trifled  saU-mUar  *' 
t)j  the  qtiarrymen ;  it  is  of  a  porous  structure,  and  the  inner 
surface  ia  covered  with  oscula,  or  little  openings :  it  closely 
reBcmbles  the  fossil  sponge  from  Caen,  figured  in  Lign.  147, 
^'hit!h  i a  said  also  to  occur  in  the  Upper  Grreeusand  at  War- 
minster. 

33*  YENTEioirLTTEa  OT  THE  Chalk. — A  very  elegant 
md  interesting  family  of  Zoophytes,  illustrated  by  me  in 
an  early  memoir  (pnbliBhed  in  the  "  Linn^an  Tmnsactions," 
vol  xi.),  and  subsequently  named  Ventriculites,^  occurs  in 
t^  chalk  of  Kent,  Sussex,  and  Wiltshire  in  such  numbers, 
and  under  such  dissimilar  forms,  as  to  require  a  parsing 
notice  in  this  place.  They  abound  in  some  parts  of  the  chalk 
of  Europe ;  and  occur  also  in  the  jura-beda  of  Eanden. 

The  original  form  of  the  Ventncnlite  was  tliat  of  a  funnel,  or  hollow 
intcTted  cone,  terminaung  m  a  point  at  the  base,  whence  numerous  £brea 
pKceed,  hf  whicli  it  was  attached  to  oilier  bodies.  The  outer  integu- 
ment was  reticulalcd,  that  18^  disposed  in  meshes  like  net-work,  and  th« 
iimer  surface  was  studded  over  with  Tegiilar  openings,  the  orifioea  of 
tttbuUr  celJs,  ea>c;h  of  which  was  probably  occupied  by  a  polype.  The 
Kutstwice  of  the  polyparium,  or  frame -work,  of  this  aggregation  of  ani- 
uii^cules,  appeara  to  have  been  analogous  to  that  of  the  soft  alcyonia, 

*  Much  better  figured  by  Mr.  D.  Sharpe  ioc.  cii.  p.  195,  pL  S>,  fig»  L 
t  Medals  of  Crtation,  voL  i.  p.  242  ;  and  Mr.  J.  Toulmin  Smith's  papers 
«« ihe  VeDtiioulidffi  of  the  Chalk,  Ann.  Nat,  HisL  2  Sei*  \tj\/v.\^^. 
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and  to  have  poflseMed  a  common  irritability,  and  been  able  to  expand 
and  contract.  This  opinion  is  baaed  on  the  circumstance,  that  some 
specimens  occur  in  which  the  zoophyte  is  in  the  form  of  a  nearly  flat 
circular  disk,  and  others  in  that  of  a  subcylindrical  pouch ;  in  the  former 
state  the  outer  reticulated  structure  is  elongated,  while  in  the  latter  it  is 
contracted  and  corrugated.  The  polype-cells  are  cylindrical  and  very 
regular ;  of  these  cells  the  flints  often  present  beautiful  casts  which  ap- 
pear like  rows  of  minute  pillars  on  the  inner  surface. 

When  the  flint  that  fills  up  the  cavity  of  a  Ventricnlite 
can  be  extracted,  it  is  found  to  be  a  solid  cone,  having  its 
surface  studded  over  with  papillae,  which  are  casts  of  the 
orifices  of  the  poljpe-cells.  "When  the  enclosed  poljparia 
in  flint-nodules  have  perished,  chalcedony  and  quartz-crystals, 
and  sometimes  crystallized  pyrites,  are  found  filling  up  more 
or  less  completely  the  cavities  left  by  the  decayed  parts  of 
the  zoophyte.* 

34.  Zoophytes  of  the  Jurassic  FoBMATioir. — The 
Oolite,  as  we  have  previously  remarked,  abounds  in  corals, 
and  contains  beds  of  limestone  which  are  merely  coral- 
reefs  that  have  undergone  no  change  but  that  of  elevation 
from  the  bottom  of  the  deep,  and  the  consolidation  of  their 
materials.  The  Coral-rag  of  Wilts  presents  in  fact  all  the 
characters  of  modem  reefs  ;  the  polypifera  belong  chiefly  to 
the  AstrceidcB,  the  genera  of  which  family  principally  con- 
tribute to  the  formations  now  going  on  in  the  Pacific.  Shells, 
echinoderms,  teeth  and  bones  of  fishes,  and  other  marine 
exuvi©,  occupy  the  interstices  between  the  corals,  and  the 
whole  is  consolidated  by  sand  and  gravel,  held  together  in 
some  instances  by  calcareous,  in  others  by  silicious,  infiltra- 
tions. In  the  chert  of  the  Portland  Oolite  at  Tisbury,  Wilt- 
shire, masses  of  a  beautiful  silicified  coral  occur ;  the  polished 

*  I  beg  to  refer  to  my  paper  on  a  "  Microscopical  Examination  of  Chalk 
and  Flint,"  published  in  Ann.  Nat.  Hist.  1845,  vol.  xvi.  p.  73  for  a  par- 
licular  account  of  the  siliciflcation  of  these  and  other  zoophytes.     See  aUo 
siwre,  p,  308. 
*  Edwurda  and  Haime,  /oc.  cit.  p.  7  5. 
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section  of  a  fragment  is  shown  in  Lign.  \4t^,Jig,  9.  Large 
masses  of  a  cellular  coral  abound  in  the  limestones  of  the 
G-reat  Oolite  {Qdamophyllia  radiata).  The  corals,  shells,  &e., 
are  of  extinct  species.  Those  who  have  visited  districts 
where  the  Coral-rag  forms  the  immediate  sub-soil,  and  is 
exposed  to  view  in  the  quarries,  or  in  natural  sections,  must 
have  been  struck  with  the  resemblance  of  these  rocks  to 
modem  coral-banks.  We  know  that  in  our  present  seas  all 
situations  and  circumstances  are  not  alike  favourable  to  the 
existence  and  growth  of  polypifera ;  in  some  parts  of  the 
ocean  they  abound,  and.  in  others  are  altogether  wanting. 
In  like  manner,  in  the  deposits  of  the  Jurassic  formation, 
which  extend  over  a  great  part  of  Europe,  and  have  been 
formed  in  a  sea  of  vast  extent,  beds  of  coral  are  not  univers- 
ally distributed,  but  occur  onlyin  certain  districts  (Nuttheim, 
for  instance)  ;  in  other  words,  they  occupy  the  situations 
which  in  their  native  seas  presented  the  conditions  required 
by  their  peculiar  organization. 

The  Lias  contains  but  very  few  polypifera;  Isastraa 
Murchisani  occurs  in  the  lias  of  Skye.  The  Trias  only  a  small 
number  (in  the  Muschelkalk  and  Halstadt  lime-stone). 

35.  Corals  op  the  PALiBozoic  Formations.  —  The 
Mountain-limestone  of  the  Carboniferous  system,  which 
will  come  under  our  notice  in  the  next  discourse,  abounds 
in  the  cellular  and  lamelliferous  zoophytes  :  *  and  many  of 
the  deposits  of  the  Devonian  and  Silurian  system  teem  with 
anthozoan  corab,t  of  peculiar  forms,  and  typical  of  particular 
groups  of  strata.  The  corals  of  the  Silurian  deposits  of 
England  f  equally  prevail  in  the  corresponding  strata  of 
North  Am  erica.  § 

*  Edwards  and  Haime,  Monog.  Brit.  Foss.  Corals,  1852. 

t  Edwards  and  Haime,  ibid,  1853  and  1854 ;  and  Ann.  des  Sc.  N.  1848. 

J  Murchison's  **  Silurian  System/*  vol.  ii.,  and  **  Siluria,"  pp.  119  and 
212,  &c.     See  also  M'  Coy's  Palseoz.  Foss.  Cambridge,  plates  1  b  and  1  c. 

§  See  Hitchcock'a  "Geology  of  Massachuaelta"  qlti^  W^\'^'*'^^i^'^- 
«llto/flKr«^^«  State  of  New  York." 
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This  Wide  geograpliical  range  of  the  same  types  of  coral- 
aooplijtes  seems  to  indicate  a  more  equal  temperature  in  the 


LlflN    US.— FOflftTl,  OOftA  L«,  * 

Tif.  1,  3.  Omphyimt  tiubrurbliiKtA ;  Wenlo^k  llmntone;  DnJl^r. 

—  %.  1»al(L'oejrltis  (cmc  uf  the  Fun^idm) ;  Dudllpy- 

—  J.  Cj(Hhc>phjlliiiii  ticxihironnm  i,  DpTOTiihlre^ 

—  I  firTln^i^Por^^fc^nicnlPta;  Hauniaia-UmMtuna ;  Jfendlp  Hllli. 

—  1.  Liihaairotlou  buattircrrrae  ;  MomiCaiia- limestone  t  Tort^lltfe. 

—  fl,  Alice  of  ItutnFA  oMoDga ;  Fortljind  OoUt# ;  Willi, 

—  &   SliMofConl-mM-Me{Cy*tlioplijUiidil:  ptTonihliT. 

sf^as  of  thoae  remote  epocha  than  at  present  prevaiAa  ;  for 

♦  For  numerous  illusi rations  of  Fossil  Corals,  Sponges,  and   othiT 
Zoophytes,  *©e  Pictorial  Atlas  of  Fosail  Remains,  plates  xjtxiv,  to  3cU» 


CORALS  OF  THB  PAl^OKOfC  FORaL4TlON8* 


the  reef-forming  genera  do  not  now  exist  in  "wnters  of  a  tem*- 
perfttiire  under  GO",  and  are  therefore,  with  the  exception  of 
tiie  Bermudas  (p.  630)^  reatrieted  to  intertropical  regions* 

The  simple  turhioated  corab,  consi&ting,  lUte  the  Fungia 
and  TurbinoUa  (Fl  Yhfgit.  S  and  15),  of  a  solitary  ceU 
{Lign.  l^B,Jgs,  1,  2,  3),  are  found  in  great  abundance  and 
perfection  in  tbe  Siluriati  limestones  of  Dudley,  Wenloek, 
&c. ;  and  are  associated  with  nvimeroua  large  composite 
corals,  branched  and  massive.*  The  Wenlock  limestone  (in 
Norway,  Sweden,  Euasia,  and  North  America,  as  well  as  in 
Britain)  contains  a  genus  of  mugular  beauty,  and  which, 
&om  the  appearance  presented  by  cross  sections,  is  known 
ly  tbe  name  of  Oham-earal  {KaJ^mtes  caienularius ;  Lign, 
loO,/^.  3).  The  tubes  of  this  coral  being  oval  in  aectioiJ, 
and  arranged  perpendicularly  side  by  side  in  undulating 
lines,  display  in  the  transTerse  sections  elegant  markings  re- 
aetnbUng  tbe  anastomosinga  of  delicate  cbaina. 

The  fossil  compound  polypifera  termed  Litbostrotionf  and 
Ijringopora,  consisting  of  clusters  of  parallel  tubes,  later* 
ally  united,  form  continuous  layers,  or  reefs,  in  tbe  Moun- 
taiu'limestono  of  Ireland  and  other  countries ;  and  on  the 
weathered  surface  of  the  stone,  the  corals  stand  out  in  relief 
aa  sharp  as  in  tbe  coral-rocks  of  a  recent  lagoon. 

It  is  interest ing  lo  remark,  with  respect  to  foasil  corals,  that  a  certain 
pectiimrity  of  airucture  distrngiiiahes  those  of  the  pfll^ozic  formations 
from  the  secondary,  tertiary,  and  existing  corals.  In  Mr.  Milne  Edwards^a 
etasiification  J  of  thfl  cornla  proper,  or  Zoaniharm,  lher<5  are  four  chief 
Or^i^  of  which  the  Z.  ap&roaa  and  ^.  perforata  belong  to  the  recent 
LTmitiy  md  Secoodary  periods ;  the  Z  tabulatet  and  Z.  niffosa  being 
illlefly  characteriatic  of  the  palaeozoic  period.  In  the  first  two^  or  neozoic, 
JPtotips  of  cofola,  the  aep^^  or  vertical  plates  attjiched  to  the  inner  sides 
»f  the  cell,  are  essentially  ronjposed  of  six  elements.  "  being  disposed  in 

*  See  "  Medals,"  chap»  Tiii,|  for  fi^uea  and  descriptions  of  fpssiJ 
cmla;  and  Dr.  Carpenter's  *'  Microscoptj/'chap.  iL,  for  the  structure  of 
lepetit  toophytea. 

t  Lithodendrfm,  "  Medais  of  Creation,"  Liffn^  70,  pp,  260  and  2BL 

I  Monograph  (P^l  Soc.)  JS5Q,  p.  x. 


653 


THE  WONDEEa  OF  GEOLOGY. 


giTOiips  corres^pondmg  to  the  six  prunitive  radii,  or  to  a  multipli 
number ;  "  ike  third  order  (Z.  taimlaia)^  m  whitik  tlife  septal  ai 
tfl  arranged  a:i  in  tJiii  foreguing,  but  very  ruduoentary,  iucludes  Lw. 
genera  {MUlep^^ra ^i\d  Jleliopora)^  twi>  lertiary,  and  four  palieoKOiC 
whilst  the  Z.  mgosa  has  a  qttatenmry  arrangement  of  the  ijeptal 
and  is  wholly  pals^i>zoic. 

36,  CoKiLLiNE  Marble  a. — Certain  limeatonea,  1 
composed  of  corak,  in  which  the  interstices  have  beei 
n]>  by  calcareooa  spar^  and  the  enclosed  Koophytee  t| 


L 


TJGirf.  liB,— SECTION  OF  FAT051TIS  t^OLYMOIlFHA  i  *  I3f  A   fOLISiLILI}   rKBIILV, 
TOKat'AY. 

less  transmuted  into  the  same  subatance,  are  auacept 
a  high  polish,  and  couatitnte  aome  of  the  most  beam 
marbka.  The  ehgantly  figtired  limeatonea  of  Babbi 
and  Torquay  in  Devonshire,  atid  those  of  Clifton  in  ] 
shire,  owe  their  markioga  to  the  petrified  zoophytea  of 
they  are  in  a  great  measure  made  up.  The  black  m 
of  Kilkenny  and  Belgium  are  mottled  with  varie 
elegant  figures  of  the  purest  white^  which  are  secti 
corals  and  ahella  transmuted  into  calcareous  spar. 

•  I>i"rt wn  by  Miss  Jane  AUnutt  fram  a  beautiful  specimta  la  i 
Bemuu  of  Mis.  AHnutt,  of  CVaphaiu  P^tk. 
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Many  of  tV*e  pebliles  throiiTO  tip  hy  tbe  waves  on  tlie  shore 

'along  thf!  coast  of  Devonshire  are  water- worn  fraginerits  of 

tbe  coral-li  meat  ones   of  tUat  cotintn^^  and,  when  exit  and 

polished,  diiiplay  exquisite  sections  of  the  enclosed  corals 


—   a.  pdlljihtd  H^tkf^n  of  ft  morbkp  formi^  of  LithintrotioH  irrfffttlare  s 
DcPbjihJrer    [Mouniain-liint'atone.'ii 

A  reddish  marhle,  beautifully  marked  bj  the  sections  of 
^eneloeed  coral-tubes  ("eorallites"),  and  lusceptible  of  a 

*  Ths  form  and  atnicttire  of  the  species  of  coral  of  wluch  a  section 
*fp*m  in  this  poUshed  pebble  are  shown  in  Lign.  a&,  Uc^blV  ^t  C-xt- 
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good  polish,  is  quamed  in  some  parts  of  Westmoreliiiid  and 
Derbyshire  {lAffn,  lbO,fig.  2).  Mr.  Parkinson  •  asoertained 
that  the  hue  of  this  marble  may  be  dependent  on  the  onginal 
colour  of  the  coral,  which  probably  was  of  a  reddish  hue. 

I  have  mentioned  (p.  617),  that  the  earthy  matter  of  the  recent  corals, 
like  the  phosphate  of  lime  in  the  bones  of  animals,  is  secreted  by  a  mem- 
branous structure,  and  that,  if  the  lime  be  remoTed  by  a  chemical  pro- 
cess, the  tissue  will  be  rendered  manifest.  Few,  however,  will  be  pre- 
pared to  learn,  that  even  in  corals  which  have  been  entombed  in  the  solid 
rock  for  innumerable  ages  the  animal  membrane  can  be  detected.  To 
Mr.  Parkinson  we  are  indebted  for  the  knowledge  of  this  interesting  fiict 
He  immersed  a  piece  of  marble  {Lign,  150,^.  2)  in  dilute  muriatic 
acid,  which  has  the  property  of  dissolving  calcareous  earth  without  affect- 
ing animal  matter :  to  employ  his  own  words,  '*  as  the  calcareous  earth 
dissolved,  and  the  carbonic  acid  gas  escaped,  I  was  much  pleased  to  ob- 
serve the  membranaceous  substance  appear,  depending  from  the  marble 
in  light,  flocculent,  elastic  membranes.  Many  of  these,  most  unexpect- 
edly, retained  a  very  deep  red  colour,  and  appeared  in  a  beautiful  and 
distinct  manner,  although  not  absolutely  retaining  the  form  of  the  tubi- 
pore.**    {Loc.  cit.) 

37.  Crinoidea,  OB  Lilt-shaped  ANiMALS.f — ^The  Echi- 
nites,  so  numerous  in  the  chalk  (p.  338),  and  the  Star-fishes, 
which  are  more  sparingly  distributed  in  the  cretaceous  strata, 
are  referable  to  the  same  group  of  marine  animals  as  those 
to  which  I  would  now  direct  your  attention.  All  these 
creatures  belong  to  the  class  Badiaria,  so  named  from  the 
different  parts  of  which  the  animal  is  composed  being  ar- 
ranged symmetrically  around  the  centre.  This  structure  is 
exemplified  in  the  Uraster  and  AsteriaSy  or  Cross-fish  and 
Star-fish,  that  abound  on  our  coasts,  and  must  be  familiar  to 
every  one.  These  animals  have  a  central  disk,  containing  the 
mouth  and  viscera,  from  which  proceed  five  long  arms  or 
rays;  the  skeleton  is  composed  of  numerous  little  bones, 

•  Organic  Remains  of  a  Former  World,  vol.  ii.  p.  16,  pi.  I.^.  3. 

f  Medals  of  Creation,  chap.  viii.  The  Pictorial  Atlas  Fosa.  Rem.  cod- 
ta'ms numerous  iiguresof  Crinoidea  (plates  XLVI.  to LII.).  See  Miiller's 
elaborate  description  of  Pentocrinus  Caput-med\»a,  U^.^^^xViai.  Transact* 
1841,  p.  177,  &c. 
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enreloped  in  a  tough  integiiment.  These  boBee,  or  osncula, 
m!  calcareous ;  and  are  in  cloae  apposition  over  the  bodj, 
but  ar«  articukted  together  in  regular  scries  along  the  mar- 
gms  of  the  rays,  wliich  are  therefore  strong  and  flexible,  A 
bcgitudinal  fnrrow  extends  from  the  mouth  to  the  extremity 
of  eath  ray,  the  sides  of  which  are  perforated  by  alternatii^g 
rows  of  poreSj  for  the  exsertlon  of  tubular  tentacula. 

Some  kind^  of  Echinoderms  (the  Comatulm^  or  Feather- 
itarfl)j  instead  of  the  live  flat  rays,  have  jointed  aruis^  that 
eed  from  a  central  cup-ahaped  calcareous  base,  and  di- 
fide  and  subdivide  into  delicate  jointed  tentacula,  the  sides 
of  which  are  fringed  with  rowa  of  still  smaller  articulated 
pinn^  or  processes.*  Now,  if  we  imagine  a  Comatula  placed 
with  its  mouth  upwards,  and  fixed  on  the  top  of  a  jointed 
Rtem  by  the  centre  of  its  dorsal  surface  (a  condition  actually 
eiiating  in  the  young  ComatulEe),  we  have  the  essential  type 
of  the  Crinuideans,  or  LHy -shaped  animala,  so  named  from  a 
landed  resemblance  of  some  of  the  species  when  in  a  state  of 
repose  to  a  closed  lily.  This  family  is  not  abundant  at  the 
present  day  j  its  existing  representatives  are  a  few  small 
pi^eiea  (with  or  without  stalks),  on  the  British  and  Euro- 
l>eaii  coELstSj  a  more  numerous  series  of  large  Comatuls&  in 
Ibe  tropical  seas,  aad  by  the  rare  fixed  crinoid  (Pentaerinus 
CspuUMedti^is)  inhabiting  the  seas  around  the  West  Indies. 
Of  this  elegant  and  scarce  representative  of  the  seas  around 
tli6  West  Indies,  aud  of  this  sole  representative  of  the 
Diia  crinoideans  of  the  palieozoic  ageSj  but  five  or  six 

cimens  have  been  brought  to  Eur  ope,  t  It  belongs  to  that 
labdinsion  in  which  the  joints  of  the  column  are  pentagonal, 
uence  its  generic  name 4 

38.  STBtrcruHE  or  the  Cblnoldea..— From  this  recent 
^laiaple  {Lipi,  151),  which  does  not  essentially  difler  from 

•  The  iiving  British  Star-fi^ihes  are  beautifully  figured  m  the  late  Pro- 
J  fewrE,  Fotbes's  cLBft*mmg  work,  publiahed  hy  Van  Voorst,  184  L 
t  r^trilactioiia  and  their  Tsachings,  p.  77.  *  'MediU^  V^iKfl. 
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the  extinct  forms,  a  more  accurate  knowledge  of  the  struc- 
ture of  these  curious  animals  has  been  obtained.  The  Cri- 
noideans  are  characterized  by  having  a  root  or  process  o 
attachment,  by  which  they  are  fixed  at  the  base  to  the  rock 


LIUN.  151.— The  body  and  upper  part  op  TOK  8TK1I  OP 

PKNTACRINU8  tAPUT-MKDUSJB.* 

^Trom  tht  West  Indian  800$.) 

— a  stem  composed  of  numerous  articulations,  or  separat 
])ieces  of  a  solid  calcareous  substance, — and  a  cup  or  vase  c 
the. summit  of  the  stem,  which  contains  the  body  or  viscea 
of  the  animal,  and  from  the  upper  border  of  which  procee 
articulated  arms  or  tentacula.     When  the  animal  is  aliv 

•  First  figured  and  described  by  M.  Guettard ;  see  Parkinson,  Owr 
Bern,  vol.  ii.  p.  266  ;  and  MiiUeT,  op.  cit.  ^.  V*b. 


KXailNITlS  AJiD  PEKTACKlNlTEa. 

the  skeleton  is  covered  hj  a  soft  integument,  as  in  the  Star- 
fishes ;  the  mouth  m  pituaterl  on  cue  aide  of  the  eeutre  of 
the  reeeptftcle,  whicli  is  surrounded  by  the  arma  that  spread 
out  and  expand  into  a  net  to  rapture  the  living  prey^  and, 
like  the  tentacuJa  of  the  hydra,  seize  and  convey  it  to  the 
month.  I  acarceiy  need  renmrk  that  the  Crinoidea  are  in* 
dividual  organiaraB,  and  are  never  aggregated  and  nuited  by 
one  common  aiia^  aa  are  the  compound  Polypifera  that  late- 
ly engnged  onr  attention.  There  are  some  ioasil  erinoideana 
destifcute  of  a  stem,  and  these  miiat  have  been  free  auiiuals, 


m 


Q  T  S  5  ^ft 

^  I.  Pe»v-  OP  PuJlt^y-ttetiE  ;  t  rait  In  tJip  IioIIqw  of  nn  encrtnUoI  idDlanm. 

t,  i.  ArtJCtllatlJtg  AUrflCH  ^t  Alttvtvtit  ktnds  of  eUclinUnl  cnslculff ,  OF  Tmchltol- 
K^  FonlDBt  of  eacrinlul  tt? mi^  or  EorrfichL  t,  i,  10.  Biemi  of  FcnHLcfliillei- 
t,%.  fii^pukta  duIcilIb,  or  TroclLtict,  of  t^cbtuflflltfli^ 

^Oiting  at  liberty  through  the  water,  like  their  analogues,  the 
^at  Feather-stars. 

The  number  of  oaaicula  in  the  skeleton  of  a  single  Eaeri- 
^l»lii8  been  computed  at  tJiirtj  thousand  v  laut  miVexc^'St^ 
2u 
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complicated  Pentacrinites  they  exceed  one  hundred  and 
fifty  thousand,  and  in  the  plumose  spedes  must  amount  to 
hundreds  of  thousands.*  The  detached  ossicula  occur  in 
myriads  in  the  Carboniferous,  Devonian,  and  Silurian  rocks, 
and  the  relies  of  one  species  alone  sometimes  form  thick 
bedrt  of  marble  in  the  mountain-limestone  series. 

39.   En'crinites    a.vd  Pextacbi>'ite8. — The  fossil  re- 
mains of  Crinoidea  consist  of  the  ossicula  of  the  column, 
arms,   and   teutacula, — of  the    plates  of  the  vase   or  re- 
ceptacle,— and  of  the  more  massive  peduncle,  by  which  the 
base  of  the  column  was  permanently  fixed  to  the  rock.   The 
separate  bones  of  the  column  were  called  trochites,  or  wheel- 
stones,  by  the  early  collectors ;   and  several  united,  entro- 
chites.    In  the  north  of  England  they  were  popularly  known 
by  the  name  of  "fairy-stones,"  and  "St.  Cuthbert's  beads :" 
the  circular  perforated  kinds  are  occasionally  found  in  tu —  -*• 
muli,  having  been  worn  as  ornaments  by  the  ancient  Bri —  -i- 
tons.     These  bodies  present  considerable  variety  in  form  j^n, 
and  their  articulating  surfaces  are  marked  with  diversified^  d 
floriform  and  stellular  figures  ;  as  in  the  series  of  specimene^^  s 
before  us  {Lign,  152).     The  central  perforation,  which  i^»  -s 
circular  and  very  small  in  some  species,  and  large  and  pen  -^b- 
tagonal  in  others,  forms  in  the  united'column  a  channel  fron^«==B 
the  receptacle  to  the  base,  which  is  supposed  to  have  con— :^" 
tained  a  chord  of  animal  matter.     The  inner  part  of  th^  ^ 
ossicula  seems  to  have  been  more  perishable  than  the  ex::::^^  - 
ternal  zone ;   for  the  former  is  often  filled  up  either  wit"^^ 
spar,  or  the  material  of  the  surrounding  rocks.     In  tlm  ^ 
silicious  veins  and  bands  of  chert  that  pervade  some  of  tlx^ 
limestones  of  Derbyshire,  the  curious  fossils  termed  * 


pulley-      f 


*  The  ossicula  of  an  Extracrinus  are  calculated,  at  a  moderate  com- 
putation, to  amount  to  the  number  of  nearly  750,000.    Austin's  Monog, 
Crinoid,  p.  J  05. 
t  Parkinaon  (Orp.  Rem.  vol.  il.  p.  \h\  &c.^  eTv\xTfv€nLVe;&  >^kft  ^ov^^-^r 
ntunea  by  which  these  little  foisils  have  \iee\\\L\\ovaNxi^v^^\«^\.^^\awVi\s3i. 
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wtones"  or  ** screw-atone V  o^lren  occur;   theae  are  casti 
i'>fmed  bj  the  mfiltration  of  silex  into  the  cavitiea  of  eiicri- 


^er]Dehil«a^or  frasruL^riTi  of  itenu  of  iBdciifiUe*  (JWwfptj-innf  peniif  f)^  ljh\^  In  relief 
uo  II  wenthsreel  bluclt  of  lintefttene  ^  from  OansdBl&^  Weit  RSdlni;,  Torkshlrt. 
^  I^ai[iL«d  ilih  of  th«  bime  encrinitMl  iimiblfr,«tao wLd^  tbe  poiUane  of  fttejuji  cut  at  TKri- 

ft  OUf  KDgte*. 

*^<Jcasionfllly  enerinital  joints  are  foimd  in  the  fluor-epor 
Pl    ^or  the  FoMil  Zoophytes  and  Crlnoidfi  of  Yorks\i\Te ,  &fee  '^lol.  ^ 
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contained  in  the  mountain-limestone  of  Derbyshire  ;*  and 
thus  show  that  this  beautiful  spar  has  been  the  result  of 
some  metamorphic  action  on  the  limestone,  the  organic  re- 
mains alone  resisting  the  transmuting  influence  of  the  fluoric 
acid. 
The  skeletons  of  the  Crinoidea,  like  the  stony  fabric  of 

the  corals,  were,  of  course,  secreted  by  the  animal  mem j. 

braue ;  and,  as  in  the  fossil  coral  (p.  654),  this  tissue  mnji^B  ,^ 
be  detected.  Upon  submitting  some  encriniial  ossicula  fron^Kr^an 
the  Derbyshire  limestones  to  the  action  of  weak  acid,  th»  _«rne 
calcareous  earth  was  removed,  and  the  original  membran-^rz^ne 
appeared  in  transparent  flocculi.! 

40.  Debbtshtbe  ENCBiiaTA.L  Marble.  —  Some  of  tt^TTie 
strata  of  Mountain-limestone,  both  in  Europe,  Asia,  nr  ^  uj 
America,  consist  entirely  of  remains  of  Crinoidea ;  and  in 
Derbyshire  some  of  the  beds  form  a  compact  marble,  whi  _Sch 
is  largely  employed  for  chimney-pieces  and  other  omamen* —  _tal 
purposes. 

In  the  quarries  on  Middleton  Moor,  a  short  distance  frw      om 
Cromford,  in  Derbyshire,  extensive  quarries  of  this  mar        bJe 
are  worked,  and  abundance  of  these  fossils  are  everywh —  -^re 
scattered  about.     The  cavities  of  the  entrochites  are  opT^en 
filled  with  white  calcareous  spar,  while  the  ground  of    — the 
marble  is  of  a  dark  reddish  brown.     In  other  varieties   '^he 
substance  of  the  fossils  is  white,  and  the  ground  dark-gzw^y 
or  brown :   both  kinds,  when  worked  into  polished  slabs    or 
ornaments,  are  very  beautiful  and  interesting.     A  speciixiaii 
of  such  limestone  (from  the  borders  of  Westmoreland  and 
Yorkshire),  with  the  crinoidal  columns  in  relief,  is  repre- 
sented, Lign,  15S,fig.  1,  and  a  polished  dlab  in  Jig.  2. 

41.  The  Lilt-Encbinite. — One  of  the  most  elegant  of 
the  fossil  crinoidea  is  the  Zilg  JSncrinite  {JSncrintts  liliiformis, 
Sohlothem)f  which,  as  already  stated,  occurs  only  in  the 

*  Quart  Joum.  Geol.  Soc.  toV.  Vu.^M\.'I,'^vit^,^A\5»» 
t  See  Parkinson's  Organic  ■Rema\Bs,No\.Yu'^A^» 
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JluB(*helkalk  of  the  TriaBsic  Bystem  of  Germanjr  (p.  650)j 
and  is  principally  found  in  one  locality,  near  the  village  of 
Erkerode,  in  Brunswick.  The  structure  of  this  animal  ia 
"beautifully  exemplified  in  the  fine  specimen  figured  in  Lipj. 
JL31,  which  was  formerly  in  the  collection  of  Mr.  Parkinson  * 


fCof!Kted  and  drawn  tif/  G.  A-  Coombe,  £tqj 

^- 1  h,  plfttc  with  the  hfttc  of  DDi'  of  tlie  armi  ittaehed^  2.  lAtcral  Ti«w  ttf  obv  <ft  thp  limM 
*  Thf  OukdUK  by  whkh  ihE  aimn  ate  nTLneli^d  |u  ihi;  body.  4.  The  Marsiipite,  with  tli,* 
^t  Ire  oHleuIft  of  iwa  ol  tbe  drmi  mi  tit;  bed  tu  tiie  briiu  af  tbE  pf  Kii. 

■^Tie  stem   of  the  ^ncrinm  liUiformis   ia   constr acted   of 
^^^laaieuk  alteruately  large   and  orhicular,   and    Biiiall   and 

^K    •  Orff,  Rem.  toI.  iL  pU  XIV.  p.  174 

^H^  f  This  Is  probably  ibe  Marsvpites  leemffatua  of  Forbes,  Dixon's  Foas. 

^^^*aie£^  p{.  20,  fig,  8.  The  species  of  this  penus  have  not,  hoii'ever.  been 
^et  wl41  worked  out.  UeiTmins  tif  Marsupiles  have  bet?ti  found  in  ihti 
^Hitlk  of  Krni  CMarjcnte),  Sussex  [Oifliam,  Prestoti,  BT\ghltfD,  ttni'ft\\\>i- 
^%  ae^  Armidt'Jj,  BV/w  (Tidworth),  and  Danes  DVke,  XotV.a^^ii'i. 
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cylindrical,  thus  forming  a  column  of  great  flexibility. 
The  "pelvis,"  or  plated  cup  containing  the  body,  resem- 
bles in  shape  a  depressed  vase ;  the  upper  part  of  its  cavity 
appears  to  have  been  closed  by  an  integument  protected 
by  numerous  plates,  the  mouth  of  the  animal  being  situated 
near  the  centre. 

It  will  elucidate  this  subject  if  we  examine  this  specimen 
of  a  Marsupite,  in  which  the  bases  of  two  of  the  arms  are 
preserved  (JJign,  154).  A  vertebral  column  attached  to  the 
central  plate,  at  the  base  of  this  crinoidean,  would  convert 
it  into  an  Encrinite ;  and  in  the  large  expanded  plates  of 
the  receptacle,  and  the  strong  and  simple  ossicula  of  the 
arms,  we  have  the  elements  of  the  more  complicated  and 
delicate  fabric  of  the  Lily  Encrinite.  In  another  speci- 
men of  Marsupite  (now  in  the  British  Museum),  the  plates 
which  covered  the  opening  of  the  receptacle  are  preserv- 
ed.* The  Marsupite  may  therefore  be  considered  as  a  free 
Crinoid,  uniting  the  ComatulidsB  with  the  ApiocrinidaB  and 
their  allies.  The  form  of  the  perfect  skeleton  of  the  Mar- 
supite was  shown  in  a  previous  lecture,  when  treating  of 
the  Eadiaria  of  the  Chalk  (p.  337). 

42.    PeAR-EnCRINITE    (ApIOCBINTJS)     of    BBADFORD.-f — 

A  smooth  Crinoid,  which,  from  the  body  having  a  pyriform 
shape,  has  received  the  name  of  Pear-Encrinite,  occurs  in 
considerable  numbers  in  the  Oolite  near  Bradford  in  Wilt- 
shire, under  the  interesting  circumstances  already  mentioned 
(p.  504). 

The  receptacle  or  body-cup  of  this  Encrinite  is  very 
smooth,  and  crossed  transverselv  by  fine  lines  where  the 
plates  of  which  it  is  composed  unite.  The  stem  is  short, 
smooth, and  strong;  the  arms  are  simple,  and  bear  consider- 
able resemblance  to  those  of  the  Marsupite.  In  this  draw- 
ing {Lign,  155, ^y.  1),  reduced  from  Mr.  Miller's  work  on 

»  See  Fossils  of  the  South  Downs,  pi.  XVI.  fig.  6. 

t  Medals  of  Creation,  p.  289  ;  Pictor.  Atlas,  pi.  L.  figs.  1—8. 
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the  Crinoidea,  a  group  of  tliesa  animal  a  is  repreiented  as  if 

alive  in   the   water.      A  few 

perfect  apecimena   have   been 

abuined  ;    but    the    body    is 

usually  found  deprived  of  the 

arras,  and  broken  off  at  the  top 

of  the  column  (/y,  2)  :    the 

rerticAl  polished  section  {Jfg. 

3)  ehowB  the    form   and   ar- 

nmgEment  of  the  plates  cnm- 

posing  the  receptacle  or  pelvis. 

There  is  a  crinoidal  genua, 
termed  Bmirgtwtwrimm  by 
D'Orbigny,*  much  resembling 
tlje  Apiocrinwi  in  miDiature, 
md  formerly  confounded  under 
the  same  name,  that  occurs 
pieatifidly  in  the  Chalk  of 
England  and  Europe,  and  has 
beea  found  also  in  the  London 

lay.  Parts  of  two  species 
*re  figured  in  the  Medals,  vol. 
i.  p.  2D1,  IJgn,  93. 

ii  Pektacrinites,  Acti- 
wocTtnaTES,  &e,t  —  In  the 
Pentacrinus  and  closely  allied 
^itracnnas,t  the  oaaicula  com- 
\mng  the  columns  are  pen- 
t»i^onal,  but   in  some  speciea 

they  have  only  four  anglea  (Li^n.  1^2,  fig.  10)  ;  and  in  some 
the  angles  are  acute,  in  othera  rounded.     The  stems  iire 

imiahed  with  nuraeroua  side-anna  (see  the  recent  specU 

Hist»  Nat,  Crlnoides,  4ti>  (unfinished). 
t  Mdals,  p.  294,  Liffu.  94;  Burkland's  Brid|r,  Treat,  ph  47—53. 
t  See  iht'  nnfiiiisht'd  Monograph  on  Hecent  and  Foasv\  CiVn^sv^^K, \>^ 


LION.   IW— rfCAH-EKCBINlTB  0^ 

Ylfc  1.  A  gi-opp  of  Apla«riniip*  reprf»eTit. 
&d  AB  Uftivt  in  rho  ifntrr  \  bdiiif> 
with  the  tpntBciniii  expanded, other* 

2,  riotif  of  this  Penr-EniTlnlte. 
a.  A  venicnL  A^ctlcm  of  tha  iauQ. 
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men,  Lign,  WV),  and  the  tentacula  eubdivide  into  innumer- 
able branches,  wlneh  terminate  in  delicate  articulated  ravs. 


I 


ri|.  V.  fkyAiApcri/iittj  pynTbrrman,  frofli  ibo  Wculm^k  Umeftone.    (JIft*rr?Ai#o«-<  Saurian  9;^fffMii 
2.  Hi^tureil  fl  gure  of  A'dit^netinm  iri'flMktifKJ'flijisrJrti  f romlhe  Mo  tiRtaln- 1  luiinitque.    { JT^iT/iir 'i 
pelvift;  it,  die  artut  urtuntiiculL 

Allusion  has  already  been  made  (p.  528)  to  the  abundance 
and  extreme  beauty  of  the  plumose  Pentacrinites  of  the 
Lias-shale  at  Lyme  Begia,  and  other  localities  in  Torkehire, 
Gloucestershire,  and  Somersetshire,     See  also  Lign.  157. 

Many  other  genera  of  this  numerous  family  have  been 

discovered,    and    are   figured    and    described    by    pala>on- 

tologjsta,*    In  some  instances  the  receptacle  appears  to  be 

*  For  a  more  oarticulttr  account  oi  t^e  uaXwxti  \3iaSOT>]  q^  ^va  v^ijisi  ^it 
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ebied,  tlie  tentacula  being  retracted  or  bent  inwarda,  as 
if  theammal  had  been  in  tbe  act  of  conveyinp  prey  to  ita 


1^ 

A 

j3JK^  TJSj^^i^^ 

mk^ 

-ir^c^l^^5 

^^^w 

i|U^3^^^^T 

^Ml^ 

I  mouth,  at  tbe  verj  moment  of  its  becoming  enveloped  in 
litA  rock  J  sepulchre   {Li^n.  150,  ^y.  1).     in  other  exam- 

'laimaifl,  betides  the  yvoiVa  hy  Parkini^on,  Mil  Lot,  D'Orbigny,  Austin, 
PJlillipa,  and  otliGrs,  alnsady  referred  Lo,  see  Forbes^  ileinoira  GeoL  Sur- 
rey, vol.  ii.j  and  MoQog.  Tert.  Echin,   (Pal.  tiot:,) ;    GoIdAias,   Peti-if, 
Genojinife,  &.c.  j  M'Cuy»  Palteoz.  Foes*  CambridgB  Mus*;  Hall,  PiiiieojiL 
Ker  York  j  and  espt'ciaUy  thf?  masteTJy  history  of  iho  Crinoids  of  Lhe 
Carboniferous  SysieDQ,  by  MM,  L.  de  Kouinck  aiid  H.  le  Hon  (Mem. 
Ai^d.  Itoy.  Belgique,  1854),  which  containa  a  remarkable  register  of 
ftearly  350  booka  and  niomoirai  dating  from  1558  to  1853,  in  ^hich  Lhe3« 
interesting  fi^nsils  have  been  described,      Smce  1853  Ructner^  Miilleri 
Sftodberger,   Shnmard,  Wright,  and   Dthen;  have  added  much  to  our 
Jbiowtedge  of  the  Crinoids.     Bronu's  New  Edition  of  hia  Lethtsa  Geognos- 
iksa,  and  Pie  let's  FalmntQlogie^  2nd  Edit,  vol.  iv.,  should  be  consulted  for 
tUe  latest  r§sum^  oo  the  subject :  these  two  works  Jsupply  also  beautiful 

If  let  of  iUustrations  of  all  the  g^nenc  forms  of  this  family. 
•  Thk  ts  a  portion  &f&  beauiUul  specimen  m  ih©  Briliab.  M^Jflevll:«i> 
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pies,  the  skeleton  lies  in  reliefj  with  the  arms  spread  out^ 

aa  if  tho  creature,  whilo  float- 
ing at  ita  ease  in  the  water, 
had  been  sudtlenlyaurrouruied 
and  entoiiibed  in  the  mud 
{IJgriB,  157,  I5B).  The  ele- 
gant plumose  enerinite,  term* 
ed  Actinoerinus,*  oecura  in  n. 
beautiful  state  of  presenfl- 
tion  in  the  Mountain-liin^- 
stone ;  the  form  of  the  origi- 
nal is  well  represented  iB 
the  Li^n.  156,  j?^.  2,  p.  664. 
The  receptacle  of  the  Aetin(^ 
crinite  is  constructed  of  nu- 
merous plates,  which  in  nmny 
species  are  richly  oniament- 
ed ;  and  some  have  the  sur- 
face granulated  in  a  radiating 
manner,  like  those  of  certain 
varieties  of  the  Marsupite,  lu 
another  fi:enus,  the  O^aih- 
crimtn  {Lign.  ISS),  the  recep- 
tacle is  very  aim  pie,  and  rom- 
posed  of  but  few  plates.  The  osaieula  of  the  columns  in  the 
Actinocrinites  and  Cyathocrinites  are  rouDd  and  smooth'- 
n  beautiful  specimen  of  the  cup-shaped  Encrinite  is  repre- 
eented,  of  half  the  natural  size,  in  Lign,  158. 

44.  Pentbkmites  asid  Ctstidea. — The  species  and  even 
genera  of  the  fossil  Crinoideat  are  ao  numerous,  that  their 
bare  enumeration  would  require  more  space  than  we  can 
allot  to  the  subjectjand  I  can  only  notice  two  other  remark- 
able types, 

•  Signify m^  Ihe  Radiated,  ot 'Sa\p-«mi-sXNckft  l.vl'v-a.ium a). 
f  M.  Fie  lei  en  11  me  rale*  ui^Md*  ut  is.  \xMuiit4  i^jaitw 


(Cuaihacrin  Him  jilittm*. } 

Ftnra  flu  Mimntatn-Hmf-mjne,,  CSflTedorth 
iSotiierMeiUlili^ 
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[  Penlremkes.  These  LQy-shaped  auimala  seem  to  hold  an 
biermediute  space  between  tbe  Ech bites  and  the  Encri- 
njtca,  Their  reeoptacle  eorisists  of  iive  petaloid  divisions 
flailed  by  corresponding  aerie  a  of  plates,  wliJt^h  meet  in  a 
point  at  the  summit.  Each  petal  is  divided  hy  a.  groove,  and 
k  perforated  near  the  apex.  They  hare  a  very  short  pedit-le. 
leae  Crinoideung  are  so  abnndant  in  some  of  tlie  eherty 
Ms  of  the  mountain-limeatonea  of  Kentucky,*  tliat  the 
rocks  have  acquired  the  name  of  Pentremital  limestone,  Sii 
Of  $even  species  oecnr  in  the  mountain-limestone  of  Tork- 

I  (^»iidert,  Tn  the  olde&t  of  the  fogsilifcrous  strata  tbere  oc- 
tttPcertaia  Crinoideans  of  a  type  which  is  snpposied  to  be 
yfitricted  to  the  older  palteoiioic  periods.  There  are  abont 
ffieen  s^pecies  in  Britain,  chiefly  of  the  genera  Eohinosphw' 
nim  and  Fsemhormites.  These  fossils  were  distinguished 
1>.T  Voa  Buch  t  by  the  name  of  Ct/stidea,  The  receptacle 
tt  of  an  oval  form,  com  poised  of  n  umerous  polygonal  plates 
*i;ulated  together,  and  having  tLe  necessary  apertures  on 
tk  side  of  the  cup  required  by  the  economy  of  the  animal ; 

'  tt  haa  a  short  pedicle.  The  Cystidea  are  supposed  to  be 
Jettitiite  of  true  arms.     They  comprise  several  genera^  and 

I  ^  nmong  the  first  forms  in  which  the  Crinoidea  appear  in 

I  the  Uiitural  records  of  our  planet. 

I  1  must  here  conclude  this  veiy  general  notice  of  the 
Cfiioideans,  a  family  which,  though  of  excessive  rarity  in 
*^e  present  seas,  swarmed  in  the  oceans  of  the  earlier  epochs, 
^  various  modiKcationa  of  form  and  structure,  comprising 
Umerous  genera  and  species^  all  of  which  are  now  extinct. 
*3,  CoxcLcrnTyo  bemahss.  —  From  this  review  of  tho 
j^f^lfpifera  and  Crinoidea,  we  learn  that  an  atom  of  living 
Pf  floating  in  the  ocean,  and  at  length  hecoming  affixed 

•  Say;  Journal  of  iKe  Acad.  Nnt.  Sciotiees  of  Philadelphia,  fnr  1820, 
tTmnsact.  Acad.  Berlin;  and  Qiirtrt,  Jonm.  fiful.  Soc,  voL  li,  part 
Ubcelt,  p.  2U;  and  Austin,  i&id.  ro/.  iv.  p,  291, 
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to  a  rock,  may  be  the  first  link  in  a  chain  of  events,  which 
after  the  lapse  of  ages  may  produce  important  modifications 
in  the  physical  geography  of  our  globe.  "We  have  seen  that 
the  living  polypes  in  their  rocky  habitations  enjoy  all  the 
blessings  of  existence,  and  at  the  same  time  are  the  uncon- 
scious instruments  of  stupendous  operations,  which  in  after- 
ages  may  afiect  the  destinies  of  mighty  nations ;  and  that 
the  materials  elaborated  by  their  agency,  and  subsequently 
consolidated  by  chemical  changes,  may  become  the  founda- 
tions of  Islands  and  Continents,  and  constitute  new  and 
favourable  sites  for  the  abode  of  future  generations  of  the 
human  race. 

And  when  we  bring  the  knowledge  thus  acquired  to  Ifear 
on  the  natural  records  of  our  planet,  and  examine  the  rocks 
and  mountains  around  us,  we  find  that  in  periods  so  remote 
as  to  exceed  our  powers  of  calculation,  similar  efiects  were 
produced  by  beings  of  the  same  type  of  organization  as  those 
whose  labours  have  been  the  subject  of  our  contemplation. 
"We  are  thus  enabled  to  read  the  history  of  the  past,  and  to 
trace  the  succession  of  events,  each  of  such  duration  as  to 
defy  all  attempts  to  determine  with  any  approach  to  proba- 
bility the  period  required  for  its  development. 

In  fine,  these  investigations  have  shown  us  the  marvellous 
structure  of  creatures  invisible  to  the  naked  eye,  their  modes 
of  life  and  action,  and  the  important  changes  effected  in  the 
relative  proportion  of  land  and  water,  by  such  apparently 
inadequate  agents.  They  have  instructed  us,  that  above, 
beneath,  and  around  us  there  are  beings  so  minute  as  to 
elude  our  unassisted  vision,  yet  possessing  sensation  and 
voluntary  motion,  and  each  furnished  with  its  systems  of 
nerves,  muscles,  and  vessels,  and  preying  upon  creatures 
still  more  minute,  and  of  which  millions  might  be  contained 
in  a  drop  of  water ;  nay,  even  that  these  last  are  supported 
bjr  living  atoms  still  leas,  aaiA  ^o  ob. — and  on — until  the 
•"'W  is  lost  in  astonisbmeut,  audi  can  ^xrrevxfc  ^^  ^\iics^<«X.w'^ 
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Thus  are  we  taught,— 

"  That  those  Imng  things 
To  whom  the  fragile  blade  of  grass. 

That  springeth  in  the  mom 

And  perisheth  ere  noon, 
Is  an  unbounded  world— 

That  those  riewless  beings, 
Whose  mansion  is  the  smallest  particle 
Of  the  impassive  atmosphere, 

Enjoy  and  live  like  man ! 

And  the  minutest  throb, 
Which  through  their  frame  diffuses 

The  slightest,  faintest  motion, 

Is  fixed  and  indispensable 

As  the  majestic  laws 
That  rule  yon  rolling  orbs ! " 

Shelley. 

"We  have  contemplated  the  results  produced  by  these 
countless  myriads  of'  animated  forms, — the  excess  of  calca- 
reous matter  brought  into  the  waters  of  the  ocean  consoli- 
dated by  their  influence,  and  giving  birth  to  new  regions ; 
and  we  have  obtained  evidence  that  in  the  earlier  ages  of 
our  globe,  like  effects  were  produced  by  similar  living 
instruments.  The  beds  of  fossil  coral  are  now  the  sites  of 
towns  and  cities,  whose  inhabitants  construct  their  abodes 
of  the  limestones,  and  ornament  their  temples  and  palaces 
with  marbles  formed  of  the  petrified  skeletons  of  the  zoo- 
phytes which  lived  and  died  in  oceans  that  have  long  since 
passed  away! 

Hence  we  perceive  that  He  who  formed  the  Universe 
creates  nothing  in  vain ;  that  His  works  all  harmonize  to 
blessings  unbounded  by  the  mightiest  or  the  most  minute  of 
His  creatnres ;  and  that  the  more  our  knowledge  is  increas- 
ed, and  OUT  powers  of  observation  are  enlarged,  the  more 
nalted  will  be  our  conception  of  His  wondrous  works ! 


LECTUEE  VII. 


THE   CARBONIFEROUS  SERIES. 

I.  Introductory.  2.  The  Carboniferous  Series.  3.  The  Coal-measures.  4.  Coal-flcld  of 
Derbyshire.  5.  Coalbrook  Dale.  6.  Nature  of  Coal-deposits.  7.  Mode  of  Deposition 
of  the  Coal-measures.  8.  The  Great  Dismal  Swamp  of  Virginia.  9.  Erect  Trees  in 
the  Carboniferous  Deposits.  10.  Upright  Trees  at  Wolverhampton  and  St.  Etienne. 
11.  Upright  Trees  in  the  Coal-measures  of  Nova-ScotIa  and  Cape  Breton.  12.  Coal- 
shales  and  Vegetable  Remains.  13.  Millstone  Orit.  14.  Carboniferous  Limestone. 
16.  Derbyshire  Lead-mines.  16.  Carboniferous  Rocks  of  Devonshire.  17.  Trap-rocks 
and  Trap-dikes  of  the  Carboniferous  Series.  18.  Faults  in  the  Coal-measures.  19. 
Geographical  distribution  of  the  Carboniferous  Strata.  20.  Carboniferous  Rocks  <rf 
North  America.  21.  Organic  remains  of  the  Carboniferous  Series.  22.  Organization 
of  Vegetables.  23.  Climate  and  Seasons  Indicated  by  Fossil  Wood.  24.  Microscopici! 
examination  of  Fossil  Trees.  25.  Nature  of  Coal.  26.  Liebig  on  the  formation  of  Coal. 
27.  Bitumen,  Petroleum,  and  Naphtha.  28.  The  Diamond.  29.  Anthracite,  Plumbago, 
&c.  30.  Petrifaction  of  Vegetables.  31.  Artificial  Vegetable  Petrifactions.  32.  Silici- 
flcatioii  of  Vegetables.  33.  Fossil  Plants  of  the  (J oal.  34.  Equlscetaceous  Plants.  35. 
Fossil  Ferns.  36.  Sigillaria.  37.  Stigmaria.  38.  Lepidodendron.  39.  Coniferous  Trees 
and  Plants.  40.  Flora  of  the  Coal.  41.  Atmospheric  conditions  during  the  Carbonifer- 
ous period.  42.  Formation  of  Coal-measures.  43.  Coal-measures  originating  in  sub- 
merged Lands.  44.  Zoophytes  and  Echinoderms  of  the  Carboniferous  Series.  45. 
Sliells  of  the  Carboniferous  Series.  46.  Crustaceans  and  Insects.  47.  Fishes  of  the 
Carboniferous  Series.  48.  Reptiles  of  the  Carboniferous  period.  49-  Climate  of  the 
Palaeozoic  Ages.    50.  Retrospect,  and  Botanical  Epochs. 

1.  Introductory. — From  the  contemplation  of  the  changes 
produced  on  the  earth's  surface  by  the  agency  of  minute 
beings  whose  nature  and  economy  are  known  only  to  the  in- 
structed observer,  we  resume  the  geological  argument  from 
which  we  have  for  a  while  digressed,  and  enter  upon  the  ex- 
amination of  the  series  of  strata  deposited  during  the  period 
immediately  antecedent  to  the  Permian  formation  described 
in  the  fifth  Lecture. 

The  Carboniferous  aeries,  so  named  from  its  comprising  the 

/)rincipal  deposits  of  mineral  fuel,  consists,  in  England,  of  a 

great  triple  formation  of,  lat  (\ovces^i^),«k  ^wv^  of  calcareous 
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strata,  locally  interbedded  with  shales,  sandstones,  ironstone, 
and  coalj  beds  (Mountain-limestone)  ;  2nd,  a  group  of  gritty 
and  sandy  beds,  also  with  some  coal  (Millstone-grit)  ;  3rd, 
an  argillaceous  and  sandy  group,  with  little  limestone,  but 
much  ironstone  and  bituminous  shale,  and  with  numerous 
intercalated  seams  and  thick  beds  of  the  carbonized  vegetable 
matter  termed  Coal.*  Independently  of  the  interest  attach- 
ed to  these  deposits  from  the  immense  accumulation  of  fossil 
plants  of  which  many  of  them  are  wholly  composed,  this 
series  involves  the  consideration  of  some  very  remarkable 
geological  phenomena ;  for  the  manner  in  which  such  ex- 
tensive layers  of  carbonized  vegetable  substances  (like  the 
intercalated  masses  of  rock-salt  in  the  red  marls  of  the  Trias, 
p.  541),  unmixed  with  extraneous  matter,  were  produced,  is 
a  problem  difficult  of  solution,  under  certain  conditions  in 
which  it  is  presented  to  our  examination.  The  deposition  of 
coal  appears,  as  we  shall  presently  show,  to  have  taken  place 
under  various  circumstances ;  the  coal  being  in  some  cases 
associated  with  fresh-water,  and  in  others  with  marine  or- 
ganic remains. 

But,  though  from  the  vast  importance  of  mineral  fuel  in 
aa  economical  point  of  view  to  nations  in  an  advanced  state 
of  civilization,  and  the  botanical  interest  vdth  which  such 
Extensive  natural  herbaria  of  the  palaeozoic  ages  are  in- 
vested, the  coal  is  generally  regarded  as  constituting  the 
essential  feature  of  this  epoch,  yet  it  would  be  more  philo- 
sophical to  consider  these  intercalations  of  carbonized  veget- 
ables, like  beds  of  shells,  &c.,  as  extraneous  and  accidental. 
We  have  already  seen,  that  the  formation  of  coal  was  not 

•  In  the  Crystal  Palace  Gardens  has  been  constructed  a  section  of  the 
coal-measures,  the  natural  rocks  being  used  as  the  constituents.  In 
Germany,  Dr.  Beinert  has  formed,  in  his  beautiful  gardens  at  Charlotten- 
bnrnn,  a  highly  interesting  artificial  section  of  the  coal-beds,  with  fine 
Kpectmens  of  the  fossil  plants  in  place;  and  Prof.  GoeppeilYi^kS  ^xccXe^ 
^  still  larger  section  In  the  Royal  Botanic  Gardens  at  BiesVBivx.  ^^^  ^. 
^,  Goeppert'B  Dcr  Konigl  Botan,  Garten  der  Univ.  BresYau,  ^\o,\%^T  . 
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confined  to  the  carboniferous  system ;  *  but  that  beds  of  this 
substance  (under  the  various  forms  of  peat,  brown-coal,  lig- 
nite, jet,  pitch-coal,  cannel-coal,  bituminous  shale,  slate-coal, 
anthracite,  glance-coal,  and  common  coal)  have  been  and 
will  be  produced,  wherever  trees  and  plants  are  accumulated 
in  sufficient  quantity  and  under  the  requisite  conditions. 

The  peculiar  types  of  vegetable  organization  comt)ri8ed 
in  the  flora  of  this  period  afford  the  only  distinguishing 
characters  of  the  beds  of  coal  interpolated  in  the  strata 
that  were  deposited  during  the  ages  intervening  between 
the  close  of  the  Devonian  epoch  aud  the  commencement  of 
the  Permian.t 

The  strata  comprised  in  the  Carboniferous  series  form 
two  natural  groups,  as  shown  in  the  following  table  ;  and  I 
propose  to  consider,  in  the  first  place,  the  general  foj^tures  of 
the  deposits,  and  their  geographical  distribution  j  secondly, 
the  nature  and  formation  of  coal,  and  the  characters  of  the 
fossil  plants  of  which  it  is  composed ;  and,  lastly,  to  notice 
the  animal  remains,  and  take  a  retrospective  view  of  the  suc- 
cessive floras  which  have  prevailed  on  the  surface  of  the 
earth  during  the  periods  embraced  by  our  geological  in- 
vestigations. 

2.  The  CAEBONirEROUS  Series. — Though  in  England 
simply  divisible  .into  a  threefold  series  of  calcareous,  aren- 

♦  See  Dr.  F.  Senft's  "  Classification  and  Beschreibung  der  Felsarten/' 
8vo,  1857 :  also  Dr.  Geinitz's  "  Steinkohlen- Formation  in  Sachsen,"  fol. 
1856.  A  resume  of  the  latter  of  these  valuable  works  is  given  by  CJoL 
Portlock  in  his  Presidential  Address  to  the  Geological  Society  iu  1857 
(p.  cxxv.).    See  also  Sir  R.  Murchison's  "  Siluria." 

t  See  remarks  on  the  Coal  of  the  Oolite,  p.  513 ;  of  the  Wealden, 
p.  405;  of  the  Tertiary,  p.  283  ;  and  in  peat,  p.  66.  It  should  be  remem- 
bered that  coal  occurs  also  in  the  Cretaceous  Series  (in  Saxony  and  else- 
where), in  the  Oolitic  and  Liassic  series  (at  Boll  in  Wirtemberg,  at  See- 
feld  in  the  Tyrol,  and  at  Walgau  in  Bavaria,  and  in  Banat,  &c.),  in  the 
Tnassic  series  of  Germany,  and  in  the  Permian  series  of  Saxony ;  also 
ocoaaionAlly  in  the  Devonian  series  *.  not  axe  ^^^  ^\\\m»xv  «xid  Cambrian, 
^"4  even  the  hypogene  rocks,  "wit^iovxH^ievi  c.w^iWkaJsfcWM^ww^^Ko^;A. 
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aeeouB,  and  urgiUaoeous  beds,  the  carboniferous  system,  even 
in  the  British  Islands,  becomes  far  more  complicated  in  the 
details  of  its  e^tratification.  In  Ireland  it  commences  with 
an  important  division,  comprising  sandy  and  shaly  beds 
"  (Yellow  Sandstone "  *  and  "  Carboniferous  Slate/'  of 
GrifBlth),  2000  feet  thick ;  and  the  limestone  itself  (5000 
feet  thick)  is  there  separable  into  three  great  divisions.  In 
the  western  counties  of  England,  and  in  South  "Wales,  these 
lowest  sandstones,  shales,  and  thin  limestones  are  represented 
by  from  100  to  nearly  600  feet  of  laminated  beds,  with  marine 
shells,  fishes,  and  terrestrial  plants ;  and  in  Eifeshire  there 
is  a  thickness  of  1500  feet  of  equivalent  beds.  In  its  exten- 
sion northward  of  Derbyshire  the  Mountain-  or  Scar-lime- 
stone l)ecomes  more  and  more  interstrati  fied,  in  its  higher 
portion,  with  shaly  beds ;  and  in  the  northern  counties  and  in 
Scotland  the  great  bulk  of  this  characteristic  limestone-form- 
ation is  not  only  replaced  by  clays,  sands,  and  calcareous 
shales,  but  these  are  intercalated  with  numerous  coal-beds, 
often  of  considerable  thickness ;  thus  forming  an  important 
series  of  lower  coal-measures,  the  representatives  of  which 
exist  also  in  Europe  and  in  ^Nova  Scotia.  The  following  ta- 
bular arrangement  exhibits  the  lithological  characters  and  re- 
lations of  the  carboniferous  deposits. 

*  Brit.  Assoc.  Report,  1852,  Sect.  p.  43.  The  "Yellow  Sandstone** 
is  correlated  by  Godwin-Austen  (Geol.  Quart.  Joum.  vol.  ix.  p.  244) 
with  the  Pilton  and  Petherwin  beds  of  North  Devon,  and  referred  by  him, 
with  the  Yellow  Sandstones  of  the  Boulonnais  and  the  Cypridina-schists 
of  Germany,  to  the  Upper  Devonian.  To  this  member  of  the  PaloBozoic 
series  Sedgwick  has  also  provisionally  referred  it  (Phil.  Mag.  1854,  voL 
viii.  p.  364,  and  Geol.  Joum.  vol.  viii.  p.  8).  Dr.  Sharpe,  however,  in- 
clined to  the  collocation  of  the  Petherwin  group  with  the  Carboniferous 
system  (Geol.  Quart.  Joum.  vol.  ix.  p.  217).  It  may  therefore  be  said 
of  these  beds  of  passage  from  the  Devonian  to  the  Carboniferous  system, 
as  of  the  transitional  beds  between  the  Silurian  and  Devonian,  the  Car- 
boniferous  and  Permian,  the  Trias  and  Lias,  the  Lias  and  Oolite,  &c., 
that  much  exact  observation  has  still  to  be  made  m  vYie&e  ^xv^  <^'C£w<e\ 
dogeJjr  related  instances* 
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1.  CoALrMZAiCBis ; — dmdUe*  into  Upper, 
Middle,  and  Vammr  (or  "  Guiticr  ")  aeries. 
Grit,  MndaUMie,  and  dak  or  daj,  with  nil- 
meroac  beds  of  coal;  ifoostone,  in  no- 
dules and  trregolarl J  stratified ;  and  occa- 
sional intcrralations  oC  limestone-bands. 
Fossil  reptiles  and  fishes ;  molluscs  (chiefly 
fi'eshwater),  annelids,  insects,  and  crus- 
taceans are  not  nncommon  in  some  parts. 
Thickness  upwards  of  4000  feet  in  some 
districts  of  England. 

2.  MiLLSTONE-OBiT. — CosTse  qnartzoso  sand- 
stone, passing  into  grit  and  conglomerate, 
used  for  millstones  (hence  the  geological 
term),  with  shales  and  sandstones ;  contain- 
ing the  trails  of  molluscs  and  annelids,  rare 
traces  of  reptiles,  and  interspersions  of  fossil 
plants  and  Tegetable  matter,  and  sometimes 
layers  of  coal.    Thickness  about  800  feet 

3.  Upper  Limestone-shales  or  Yorbdalb 
ROCKS. — Alternations  of  limestones,  shales, 
and  sandstones;  with  some  chert,  rotten- 
stone,  ironstone,  bitumen,  and  coal ;  marine 
shells  ( Goniatitest  Orihoceras,  Producttu,  and 
Poaidonomya ;  Encrinitei,  &c.)  :  thickness 
about  500  feet. 

4.  MUUNTAIN-LIMESTONB  Or  SCAR-LIMBSTONB. 

— A  stories,  upwards  of  1000  feet  in  thickness, 
of  massire  limestones,  shales,  and  flagstones^ 
with  dolomite,  bitumen,  rotten-stone,  chert, 
gaIona«  and  iron-ore ;  corals,  crinoids,  and 
marine  shells  in  profusion,  and  some  tri- 
lobites*  Beds  of  marble  wholly  made  up 
of  petrified  ivx^phrtes  or  of  crinoids.  This 
group  is  devoid  of  coal  in  Soath-westem 
and  Central  England ;  but  tlie  mountain-lime- 
(ixVEie  of  Weetnordand,  Xorthiimberland, 
Ki<^«hif«'«attd  s«>aie  parts  of  Europe  andXovth 
Am^ric^  <\VEitauK  exteMrre  coal-beds,  with 
\Xva^>tMl  irwks  of  repiilML 
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Lowe  a  LiiMESTDN^-sHdLtiB.  —  Allenmtmg 
fihalcj^,  satidia tones,  and  Jimestotics ;  with  pu^ 
fiidunomya,  orthis,  and  spirt fer  ;  abiindanta 
tjffi9ti-reraaiiia,toproJites,  andcypridte;  and 
someretffiainacifpUiits,  Alwut4UU  feet  thick. 


3.  Thb  CoAi--iCEABtrHEB.  —  The  bituminous  substance 
termed  coal  m  simply  vegetable  matter  altered  hj  chemical 
change  a »  wbicli  wil)  hereafter  be  considered.  It  occurs  iti 
beds  that  vary  irom  a  few  inches  to  a  fathom  or  more  in 
thickness,  and  are  interposed  between  strata  of  shale,  clay^ 
micaceous  sandstone,  limestonej  and  ironstone;  alteroationa 
of  thia  kind,  occupying  circumscribed  areas,  are  termed  eofrl- 

ins.     Mr.  Bake  well  observes  that  the  strata  thus  disposed 

ay  be  imitated  by  a  series  of  mussel-shells  or  saucers  placed 
ine  within  the  other,  and  having  layers  of  clay  interposed.  If 
one  side  of  the  series  be  raised  to  indicate  the  general  rise  of 
the  strata  in  that  direction,  and  the  whole  be  dislocated  by 
cracks,  the  general  arrangement  of  the  beds  and  the  displace- 
ments which  they  have  undergone  will  be  represented  ;  each 
shell  representing  a  bed  of  coal,  and  the  partitions  of  clay 
imitating  the  earthy  strata  which  separate  the  carbonaceous 
layers. 

It  is  the  association  of  iron-ore  w^ith  the  limestone  that 
serves  as  a  flux,  and  with  the  mineral  fuel  required  for  the 
reduction  of  the  ore  into  a  metallic  stato^  that  has  given  rise  * 
to  the  numerous  iron-foundries  eatabllshed  over  the  sites  of' 
our  principal  coal-fields.  The  usual  characters  of  a  Conl- 
Jield^  as  a  series  of  strata  of  this  kind  is  termed,  are  shown 
in  the  section  of  that  of  South  Gloucestershire  {Lign.  124, 
p.  522),  Here  we  perceive  that  the  Devonian  or  Old  Eed 
Haudjjtone  has  been  elevated  into  a  position  almost  vertical^ 
and  that  the  Mounfain'limestone^  which  lies  immediately 
upon  it,  partakes  of  the  same  inclination.  This  is  succeeded 
by  conformable  beds  of  Milhtone-grit,  which  are  followed  hj 
altemalioiis  of  Coal  and  shales  \  the  B&rmxan  smd.  Trvamc 
2x2 


i 


676  THE  WONDERS  OF  6SOL06T.  Ltct.  VIL 

J>ed8,  the  Lias,  and  Inferior  Oolite  (S,  4,  and  5)  are  seen 
above  in  an  unconformable  position.  The  Mountain-lime^ 
stone  and  Millstone-grit  (X,  2)  also  appear  on  the  opposite 
flank  of  the  elevated  ridge  of  the  Mendips.  The  chrono- 
logical order  of  the  deposits  exhibited  in  this  section,  that 
is,  the  succession  according  to  their  original  position  before 
they  had  suffered  displacement,  is  as  follows  :  immediately- 
overlying  the  lowermost  or  most  ancient,  the  Devonian 
Btrata  of  the  Mendip  Hills,  we  have  —  1.  Mountain-lime- 
«tone. — 2.  Millstone-grit  ;  upon  this  are  alternations  of 
•Coal,  shale,  and  grit. — 3.  Permian  and  New  Red  Sandstones. 
—4.  Lias. — 5.  Inferior  Oolite.— 6.  Great  Oolite. — 7.  Ox- 
ford Clay,  south  of  Malmesbury. 

The  tei*m  basin,  applied  to  these  accumulations  of  carboniferous  strata, 
tnust  be  taken  in  a  general  sense  ;  for,  though  some  of  these  groups  of 
deposits  may  have  been  formed  in  circumscribed  depressions,  it  is  evident 
that,  in  general,  the  beds  have  originally  extended  over  large  areas,  and 
that  their  present  isolated  position  and  confined  limits  are  attributable  to 
subsequent  elevations  and  depressions  by  which  the  "  faults  *'  or  disloca- 
tions of  the  coal  and  associated  strata  of  the  rocks  on  which  they  re- 
pose have  been  produced.  Extensive  denudations  have  completed  the 
separation  of  the  coal -basins. 

Of  the  English  coal-fields,  those  of  Newcastle,  Durham,  Yorkshire, 
Lancashire,  Flintshire,.  Cheshire,  Derby,  Nottinghamshire,  Leicester- 
shire, and  Warwickshire  have  many  features  in  common ;  those  of  South 
Stafi*ordshire  and  Worcestershire  are  related  more  nearly  to  each  other 
than  to  the  other  coal-fields ;  and  those  of  Glamorganshire,  Monmouth- 
shire, Gloucestershire,  and  Somerset  form  another  allied  group.*  The 
■coal-measures  of  the  northern  coimties  are  divisible  into  a  triple  series — 
upper,  middle,  and  lower ;  the  last,  also  known  as  the  "  Ganister  series,** 
contains  in  Yorkshire  a  single  shale-bed  of  marine  origin,  with  Goniatites, 
Posidonomy<p,  and  fishes.  Other  instances  of  the  irruption  of  sea-waters 
into  the  generally  fresh-water  area  of  the  coal-measures, — the  last  efibrts, 
as  it  were,  of  the  old  carboniferous  ocean  to  regain  possession  of  the 

•  Phillips*  "  Manual  of  Geology,"  1855.  Both  thisTaluable  element- 
ary work  and  Prof.  Ansted*s  **  Elementary  Course  of  Geology,**  1856, 
contain  particulars  of  the  relative  extent  of  the  English  coal-fields,  and  of 
the  thickness  and  character  of  l\\c\i  tes^ecUve  coal-beds. 
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rapidly  shallowmg^  region,-— are  evidenced  by  occasional  marine  deposits 
in,  the  coal-fields,  of  Lancashire,  Dudley,  and  Coalbrook-dale. 

4.  CoAL-rrELD  op  Dbebtshieb. — The  Derbyshire  Coal- 
field will  serve  as  a  type  of  the  English  series. 

The  strata  of  Carl>oniferous  Limestone  which  form  the  grand  mountain- 
chains  of  Derbyshire  decline  towards  the  eastern  side  of  the  county,  and 
^k  beneath  the  Coal-measures.  Immediately  upon  the  limestone  are 
beds  of  calcareous  slate  or  shale,  about  four  or  five  feet  in  thickness 
(known  as  the  "  Limestone-shale,**  and  equivalent  to  the  Yoredale  locks 
ef  Yorkshire),  intercalated  with  grit-stones,  and  about  four  or  five  hun- 
dred feet  in  thickness.  This  series  of  alternating  beds,  compact  and 
aof^  coarse  and  fine*  many  of  which  readily  disintegrate  fVom  weather- 
action,  forms  the  exposed  face  of  Mam  Tor,  or  the  "  ahivBring  moim- 
tem,'*  near  Castleton.  They  are  succeeded  by  a  mass  of  grit,  or  con- 
glomerate, with  vegetable  remains,  which  is  worked  for  mill*stones.  Above 
the  MiUstone-grit  are  the  regular  Coal-strata,  comprising  sandstones  of 
various  qualities,  and  oden  in  exceedingly  thin  laminae,  —  indurated 
dsky-beds, — iron-stones,  the  nodules  of  which  contain  organic  remains,-^ 
«nd  softer  argillaceous  beds,  which,  being  of  a  slaty  structure,  are  called 
ahaUa.  Two  of  the  layers  of  clay,  termed  muaaeUhind^  abound  in  bivalve 
Aells,  somewhat  resembling  fresh-water  roussel-shells»  but  of  extinct  * 
types  of  forms.  The  total  thickness  is  1310.  yards,  which  includes  thirty 
different  beds  of  coal,  varying  from  six  inches  to  eleven  feet,  and  making 
the  amount  of  coal  about  twenty-six  yards.  In  the  shales  below  the 
eoal  there  is  a  transition  from  calcareous  strata,  with  marine  animal  re> 
mains,  to  fresh-water  mud-deposits,  with  terrestrial  vegetables :  this  may 
have  originated  from  occasional  intrusions  of  freshets  from  a  river. 

The  series  above  enumerated  is  often  repeated ;  shales,  clays,  imd 
MJMiitones.  occurring  under  different  beds  of  coal,  with  a  great  similarity 
in  the  suocessioo  and  thickness  of  each.  Interruptions  to  the  continuity 
•f  the  beds,  from  cracks  and  fissures  which  have  taken  place  since  the 
original  deposition  of  the  strata,  are  everywhere  apparent.  Dikes  or  in- 
tmsioBS  of  sztraneous  mineral  matter  are  of  frequent  occurrence,  separ- 
ating tha  strata  by  vertical  walls,  which  are  from  a  few  inches  to  many 
jBids  in  thickness.  These  extraneous  masses  sometimes  consist  of  in- 
durated clay,  but  more  commonly  of  the  ancient  volcanic  rock  termed 
kamtt  9t  tfiip. 

5.  CoAiiBBOOE  Dale. — ^In  Shropshire  the  carboniferous 
strata  are  exposed  over  several  detached  areas.* 

♦  Oooault  S^  M.  L  Murchiaon'a  adnniiable  deacnvVitaa  oi  >^v.e>  ^«- 
boBi&i^wM  System;  "^i/urian  System,"  chap.  ^l. 
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Near  Shrewsbury  the  coal-beds  are  associated  with  limestone,  of  fresh- 
water or  estuary  origin,  and  containing  minute  entomostraca  {Cyprida)^ 
annelids  {SerpuUB),*  shells  (related  apparently  to  Modiola  and  Unio),f 
and  fishes.  But  Uie  most  important  and  productive  carboniferous  tract 
in  Shropshire  is  Coalbrook  Dale^  which  is  situated  on  the  east  side  of  the 
range  of  rocks  forming  the  Wrekin  and  Wenlock  Edge,  the  coal-strata 
being  superposed  on  mountain-limestone ;  it  contains  beds  and  nodules 
of  iron-stone,  enclosing  organic  remains.  This  coal-field  %  is  remarkable 
for  the  dislocated  and  shattered  condition  of  the  strata,  and  the  intrusion 
of  volcanic  rocks ;  the  latter  do  not  appear  as  dikes  or  veins,  in  the  fis** 
sures  of  the  beds,  but  rise  up  in  mounds  or  protuberances.  The  walls  of 
the  fissures  are  in  some  instances  several  yards  apart,  the  intervals  being 
filled  with  debris.  Strata  containing  marine  shells  alternate  with  others 
abounding  in  fresh-water  shells  and  land-plants,  as  in  Derbyshire.  These 
alternations  prove  that  these  coal-measures  were  deposited  in  an  estuary, 
subject  to  occasional  freshets  from  a  considerable  river;  the  frequent 
alternations  of  coarse  sandstones  and  conglomerates  with  beds  of  clay  and 
shale,  containing  the  remains  of  the  plants  brought  down  by  the  river, 
support  this  opinion.  The  strata  forming  this  carboniferous  series  con- 
sist of  quartzose  sandstone,  indurated  clay,  slate-clay,  and  coal.  A  pit 
sunk  in  Madely  colliery,  to  a  depth  of  730  feet,  passed  through  eighty-six 
beds  of  alternating  quartzose  sandstone,  claystone  porphyry,  coal,  and 
indurated  clay  containing  nodules  of  argillaceous  ironstone.      The  sand- 

•  These  little  Serpula  have  been  described  as  planorboid  molluscs,  im- 
der  the  name  of  Microconchus  ;  but  there  is  no  doubt  of  their  being  true 
Serpulee,  as  pointed  out  by  Mr.  E.  W.  Binney  (Memoirs  Phil.  Soc. 
Manchester,  vol.  x.  p.  196).  They  are  frequently  attached  to  vegetable 
fragments.  In  Nova  Scotia  these  little  annelids  occur  plentifully  under 
the  same  conditions  ;  indicating  in  some  instances  the  drifLing  of  plants 
in  sea-water,  and  in  others  the  advance  of  estuarine  waters  over  sub- 
merged jungles.  A  similar  form  is  found  on  the  fossil  plants  of  the 
-lilountain-limestone  of  Northumberland  ( G.  Tate,  Flora  M.  L.  pi.  xiii. 
£g.  6),  and  on  the  marine  shells  in  the  coal-measures  of  Coalbrook  Dale 
(Geol.  Trans.  2nd  ser.  vol.  v.  pi.  40,  figs.  1,  3, 5),  and  also  attached  to  the 
fossU  shells  and  corals  in  the  Devonian  rocks  of  Russia  and  the  Eifel 
{Spirorbis  omphalodes,  Goldfuss). 

t  Probably  Myalina  and  Anthracosia,  of  King.  Such  as  these  occur 
also  in  the  coal-measures  at  the  Joggins  in  Nova  Scotia,  Quart.  Joum. 
GeoL  Soc.  vol.  x.  p.  12  and  p.  39,  figs.  22—25. 

}  See  a  highly  interesting  memo\r  ow  v\i\s  co«\-^^^,  Vj  Mt.  Prest- 
-•'^4,  GeoL  Transact.  2nd  ser,  vol.  v. Tp.  4\^  \  «^ao ^ut^Soaawj^^'''^  ^^wfsMx 
/*  cbap.  vii.      . 
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ikones  i>f  Gddbrook  Dale  are  ftne-^ramed  and  micaceoua ;  and  Bomt;  beds 
ire  penetrated  by  petrolmim^  whkh  alCoalport  escapea  from  the  surface 
I  k  a  tur-spring: ;  bitumen  also  occtirs  in  some  of  the  ghalefl-  Plants, 
iliclb,  and  cmalaceans  *  are  abundant  in  the  shale  and  iron-stone  no- 
dules ;  and  the  rtimams  of  tnaecta  ai-e  some  Lira  ea  met  with,  f 

6-  ]>fATT7Bii  0^  CoAL-DEPoeiTS, — This  brief  notice  of  two 
I  of  tbe  British  coal-fields  will  serve  to  convey  a  general  idea 
of  the  strata  of  which  a  coal-basin  con&iBts.J  But  it  is 
liecej^aarj  to  enter  more  particularly  on  the  nature  and  ar- 
ftingement  of  the  beds  of  coal,  and  their  asaociated  deposits ; 
for,  though  many  accumulations  of  carboniferous  rock  a  have 
iDanifeatly  been  formed  by  ditferent  and  local  agencies,  the 
grand  series  of  ancient  coal-measures,  setting  aside  unim- 
portant discrepancieBj  present  a  remarkable  uniformity  of 
eharaeterj  not  only  tbrougbont  Great  Britain  and  Europe, 
IJit  also  in  moat  other  Darts  of  the  world. § 

*  Both  Cypndifonn  and  Limnlus-Iike  Entomostracans.     Prestwich, 
k  cit.  pi  4L 
I       t  Medals  of  Creatioti,  voL  ii,  p*  554 

I  In  4  HttI©  anonymous  work,  entitled  "  Oar  Goal  and  Our  Coal-pita," 

pabluhed  in  1853  (Longman),  tJie  reader  will  find  a  vast  deal  of  guod  in- 

I    fbnuation  about  coal-seams  and  coal-pits,  such  as  certainly  has  not  been 

brought  together  in  any  other  work,  but  which  is  of  interest  and  value 

bulhto  the  geological  and  the  general  student. 

(  ThsTarions  Memoirs  on  the  British  Coal-fields  in  the  Geological 
Society's  Transactions  and  Jourtiai,  in  tlie  Reports  of  the  British  Associ- 
ation, and  in  the  Transactions  of  the  Norihnmberland,  Manchester,  and 
Other  Societies  J  by  some  of  our  most  eminent  observers ;  and  in  the 
worka  of  Lindley  and  Hutton,  Holmes,  Manfimattj  Mnshet,  D,  Milne, 
Hibbert,  Bake  well,  Conybeare,  An  s  ted,  Phillips^  Lyell,  De  Ja  Beche, 
Buckland,  Murchison,  and  other??,  will  afford  those  i^ho  wish  to  pursue 
Ibe  inquiry,  information  of  the  most  imiiortant  and  interesting  nature' 
The  Coal-fiekU  of  Ireland  have  been  deitcribed  by  Weaver,  Griffith,  and 
Paniock.  *'The  Annalea  dea  Mines"  and  "Bulletin  Soc,  Geoi.  France"' 
art  rich  with  notices  of  ihe  Belpian  and  French  coaU ;  and  Godwin-Ans- 
tea  and  Sharpe  have  al*o  treated  of  the  Boulonnais  and  Belgian  Coal- 
fields Iti  the  GeoL  Soc.  Journal,  to  the  I2th  toU  of  which  MM.  De- 
fona^and  Laurent  hu^e  caaiributed  a  valuable  notice  ot  ^iia^'f  BieM-v^ikiLea 
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We  hsave'  seen  tHat  tHe  strata  constituting  a  coal-field  are 
alternating  layers  of  coal,  clay,  shale,  and  sand,  of  variable 
thickness,  usually  based  either  on  grit,  or  on  limestone 
abounding  in  marine  shells  and  corals.  Now,  a  very  remark- 
able fact  is  the  nearly  uniform  presence  of  an  often  thick  bed 
of  earthy  clay  beneath  every  layer  of  coal,  and  a  stratum  of 
slaty  clay  or  shalte  above  it ;  together  formdng  &  triple  sieriea, 
presenting  the  following  characters  v. — 

(1.)  Lowermost; — a  stratum  of  clay,  called,  from  its  position,  the 
Under-clay  ;  a  tough  argillaceous  substance,  which  upon  drying  becomes 
a  grey  friable  earth.  Occasionally  this  clay  is  of  a  bliu;k  colour  from  tfie 
presence  of  carbonaceous  matter,  lliis  bed  almost  invariably  contaias 
ML  abundance  of  the  Ibssii  vegetables  termed  StigmaruB,*  which  am.  roo^ 
like  bodies,  generally  of  considerable  length,  and  have  rootlets  or  fibres 
attached,  which  extend  in  every  direction  through  the  clay.  These  great 
roots  commonly  lie  parallel  with  the  planes  of  the  stratum,  and  nearer  to 
the  top  than  to  the  bottom. 

(2.)  Coed,  A  carbonized  mass,  in  which,  both  the  external  forms  and 
internal  structure  of  the  plants  and  trees  composing  it  are  almost  entirely 

Coal-basin.  Naumann,  Hoffmann,  Sternberg,  Villefbsse,  Roemer,  Dechen, 
Herzog,  Gutbier,  Freiesleben,  Leonhard,.  Cotta,  Geinitz,  Goeppert,  and 
Beinert  are  chief  among  those  who  have  treated  of  the  Coal-fields  o£  Ger- 
many. The  coal  of  Russia  is  described  in  full  by  De  Vemeuil,  Keyser- 
ling,  and  Murchison. 

A  long  sene»  of  papers  having  reference  to  the  Coal-fields  of  New 
Brunswick  and  Nova  Scotia,  published  in  the  Proceedings  and  Qniurtefly 
Journal  of  the  Geological  Society,  are  enumerated  in  an  appendix  to  Mr. 
Dawson's  very  instructive  account  of  the  Joggins  Coal-measures  in  the 
lOth  vol.  of  the  Geol.  Society's  Journal  (p.  41).  The  *'  Acadian  Ge- 
ology," by  the  same  author,  is  also  an  important  work  in  the  literature  of 
the  coal.  Mr.  W.  R.  Johnson's  ''  Report  on  American  Coals,"  1844,  and 
especially  the  late  R.  C.  Taylor's  valuable  "  Statistics  of  Coal,"  should 
be  consulted  by  the  student,  where  abimdant  references  to  books  and 
papers  treating  of  British,  European,  American,  African,  Asiatic,  and 
Australian  coals  will  be  found. 

*  See  the  description  of  coal -plants  farther  on ;  idso  Medals  of  Crea- 
tion, p.  133 ;  Pict.  Atlas,  Org.  Rem.  pi.  3,  fig.  1,  and  plates  21—23 ; 
and  the  Supplemettt&ry  Notes,  Pict.  Atlas,  p.  198. 
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obliterated,  tlLon^  trace»  of  woody  tissue  are  observable..    Large  trunks, 
stems,  and  leaves  are  rarely  distinguishable  in  it. 

(3.)  The  Eoof,  or  upper  bed.  This  generally  consists  of  slaty  clay, 
abounding  ib  trunks,  branches,  leaves,  and  fVuits ;  it  also  includes  layers 
and  nodules  of  iron-stone,  enclosing  leaves,  insects,  crustaceans,  &c.  In 
some  localities  argillaceous  or  calcareous  ^eds  of  fresh-water  shells,  and 
in  others,  of  naziae  shells,  are  intercalated ;  and  Uyers  of  shale,  finely 
laminated  day,  micaceous  sand  and  grit,  and  pebbles  of  limestone,  granite, 
sand-stone,  and  other  rocks  often  occur.  Pebbles  of  iron-stone,  and  even 
of  coal,  derived  from  the  destruction  of  older  iron-stones  and  coal-beds, 
have  been  found  in  coal-seams.  Some  of  the  most  illustrative  speci- 
mens of  the  leaves,  fruits,'  &c.  of  the  carboniferous  flora  are  found  in 
thM0  8hale»and  sandy  beds,  which  appear  to  have  been  the  accumula- 
tions of  water-worn  detritus  of  other  rocks,  promiscuously  intermingled 
with  the  dense  foliage  and  stems  of  prostrate  forests ;  the  whole  having 
been  drifted  from  a  distance  by  strong  currents  or  floods,  proving  that 
considerable  time  elapsed  during  the  formation  of  these  coal-measures, — 
soffieient  indeed  for  the  consolidation  and  d^iudation  (and  possibly  up- 
heaval also)  of  one  set  of  deposits  before  the  later  beds  were  formed.* 
The  evidences  of  the  partial  removal  of  coal-seams,  shales,  and  sand-beds, 
in  the  coal-measures,  point  also  to  the  length  and  many  changes  in  the 
coal-era.  t 

7.  Mode  op  deposition  op  the  Coai..— Thus  we  find, 
in  the  first  place,  spread  uniformly  over  the  bottom,  and 
constitntixig  the  foundation  on  which  the  coal  reposes,  a 
stratum,  of  fine  clay  (under-clay),  sometimes  several  feet 
thick,^  which  possibly  may  have  once  constituted  the  soil  of 
-vast  plainS'  or  sarannahs.  Almost  the  only  fossil  remains 
found  izii  it^  except  in  a  few  localities,  are  the  roots  of  the 
]arg;e  trees, of  which,  the  coal  is  in  a  great  measure  composed  ^ 
for  such  tibe  common  Sti^maria  ixow  prove  to  be,  and  not 
floating  aquatic  plants,  as  was  formerly  supposed.  The  in- 
yariable  occurrence  of  the  fossil  roots,  termed  Sti^maria,  in 
t;he  under-clay,  and  their  rarity  in  the  coal  and  shale,  was 
Botieed  by  Martin  (Fetrif,  Derhiefmd),  SteinhaUi^,  Maccul- 

•  See  De  la  Heche's  Geol.  Observ.  2nd  edit.  p.  511. 
t  IbiA  p.  514;  and  Quart,  Joum,  Geol.  See  vol.  vi.  p.  \*14  \  ^q\.  n\v 
p.  ^^/  and  vol  X.  jh  12.    Rep.  Brit.  Assoc.  1838,  Seel.  ^.  1^ . 
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loch,  and  other  observers :  but  the  importance  of  this  fact  was 
not  duly  appreciated  until  Logan  drew  attention  to  it.  In  the 
Welsh  coal-field,  in  a  depth  of  twelve  thousand  feet,  there 
are  sixty  beds  of  coal,  each  lying  on  a  stratum  of  clay  abound- 
ing in  StigmariaB.  In  the  Appalachian  coal-field  of  the 
United  States,  and  in  the  well-exposed  coast-sections  of  the 
Coal-formation  in  Nova-Scotia,  the  same  phenomenon  ap- 
pears. 

Upon  this  under-clay  is  a  bituminous  mass  of  indistin- 
guishable plant-remains  (  Coal) .  Occasionally  stems  of  trees 
are  found  passing  vertically  through  or  lying  in  the  coal-bed. 

In  the  third  place,  we  have  a  deposit  of  drifted  material« 
promiscuously  intermingled  with  the  foliage  and  stems  rf 
numerous  kinds  of  terrestrial  plants  {Boof)  ;  the  whole 
often  appearing  to  have  been  subjected  to  the  mechanical 
action  of  water,  both  in  its  origin,  and  sometimes  after  its 
first  deposition  as  a  sand  or  mud-bed. 

These  facts  seem  to  indicate  that  a  bed  of  coal  of  this  \ 
kind  may  have  been  either  a  submerged  forest  or  a  swampy  i 
jungle.  The  under-clay  was  the  natural  soil  in  which  the  -  j 
Stigmariae,  the  roots  of  the  trees  (Sigillariae)  forming  the 
coal  above,  originally  grew ;  the  coal^  the  carbonized  stems 
and  foliage  of  the  trees  to  which  the  roots  belonged ;  and 
the  upper  stratum,  or  roof^  may  have  either  resulted  from  de- 
tritus transported  from  a  distance  by  a  debacle  or  flood, 
which  overwhelmed  and  buried  the  foliage  and  stems  of  the 
prostrate  forest,  or  may  have  been  swept  over  it  more  or  less 
rapidly  by  the  encroaching  tides  on  a  low  and  sinking  well- 
forested  coast-line. 

These  phenomena  may  thus  be  explained  by  supposing  that  a  pto 
densely  clothed  with  vegetation,  was  inundated  by  an  irruption  of  the 
sea ;  or  overwhelmed  by  a  flood  of  water  from  an  inland  lake,  occasioned 
by  the  sudden  removal  of  some  barrier ;  or  by  the  slow  subsidence  of  the 
tract  of  country  on  which  the  forest  or  jungle  grew.  But  when  we  find 
OD  uninterrupted  series,  in  which.  Ini^le  deposits  of  this  kind  are  repeated 
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thirty  or  forty  times,  and  through  a  thickness  of  several  thousand  feet, 
this  solution  of  the  problem,  though  "very  plausible,  is  not  without  its 
difficulties.  Not  only  subsidence  after  subsidence  must  have  taken  place, 
but  the  first  submergence  have  been  followed  either  by  an  elevation  of 
the  land,  or  a  very  gradual  reconstitution  of  a  sub-aerial  surface  ;  and  then 
another  soil  capable  of  affording  support  to  a  second  forest  must  have 
been  produced,  and  another  generation  of  vegetables,  of  the  same  species 
as  the  former,  have  sprung  up,  and  arrived  at  maturity :  and  again  an- 
other subsidence,  followed  by  an  accumulation  of  drift.  And  these 
periodical  oscillations  in  the  relative  level  of  the  land  and  water,  and  suc- 
cessive reproductions  of  vegetable  soil  and  of  forests,  must  have  gone  on 
uninterruptedly  through  an  incalculably  long  period  of  time ;  not  in  on& 
district  or  country  only,  but  in  various  parts  of  the  world,  during  the 
same  geological  epoch. 

Some  seams  of  coal  attain  an  enormous  thickness.  In  England,  the 
thickest  bed  of  coal,  amounting  to  thirty  feet,  is  in  the  Dudley  basin.  In 
the  Great  Exhibition  of  1851,  there  was  exhibited  a  fine  section  of  the 
lowermost  bed  of  coal  (known  as  the  "Thick  Coal***),  from  Tividale 
colliery  in  South  Staffordshire,  the  total  thickness  of  which  was  29  feet ; 
with  no  intermixture  of  sediment  except  some  shaly  partings,  a  few  inches 
thick.  A  shed  was  erected  for  its  exhibition  on  the  outside  of  the  west- 
end  of  the  Crystal  Palace ;  beside  it  were  placed  some  large  stems  of 
Sigillariae. 

"  It  is  not,  however,  to  be  supposed,"  says  Prof.  Phillips, f  "that  this 
enormously  thick  seam  is  a  single  bed  of  coal ;  it  is,  in  fact,  composed  of 
thirteen  different  beds  locally  accumulated  together,  with  certain  partings, 
-which  in  other  places  swell  out  into  considerable  thicknesses  of  shale. 
Thus  the  upper  part  of  the  '  ten-yard  coal  *  separates  from  the  rest  of  the 
beds,  and  under  the  title  of  the  '  flying  reed,*  becomes  a  totally  distinct 
bed  in  the  northern  part  of  the  coal-tract."  I 

•  See  Jukes's  Memoir  on  the  South  Staffordshire  Coal-field  (Geol. 
Sunr,  Records),  1853,  p.  173, 184,  &c.  This  careful  and  well-illustrated 
description  of  a  typical  coal-field  contains  not  only  the  good  practical 
hiformation  to  be  expected  from  the  labours  of  so  sound  a  geologist  as  Mr: 
Jukes,  but  also  many  valuable  theoretical  suggestions  on  the  origin  of 
coal  and  the  ph3rsical  characters  of  the  old  carboniferous  area. 

t  Manual  Geol.  p.  192. 

X  Humboldt  refers  also  to  some  very  thick  coal-seams  in  Scotland 
and  Burgundy,  Coamot,  vol.  i.  p.  284.     For  Mr.  Bowmaxv*^  n'v«^%  ol  >i3ciSi 
probable  circamsUnces  under  which  separate  coaY-seaima  ixjlW  \3a\.<i  ^.-^^^ 
ffOier,  wee  Ljeil'g  "Manual," p,  330. 
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Mr.  Dawson  describes  the  ^Main-coal  Seamt"  of  the  Albion  Mines: 
(Mew  Brunswick),  a  specimen  of  which  wa3  eztraeted  by  Mr.  H.  Pools 
for  the  New  York  Exhibition,  1S53,  as  being.  3a  feet  &  inches  thick,  of. 
which  only  2  ft.  4|  in.  consisted  of  the  *'  roo^hale,"  intercalated  carbon»% 
eeous  shale  and  ironstone,  and  **  under-cUty.  "  * 

In  some  districts  (as  in  the  coal-beds  of  the  Mountain -limestone  oC 
Southern  Russia  and  of  the  North  of  Engknd)  the  vegetables  of  which 
the  coal  is  formed  apparently  consist  of  broken  and  drifted!  plants,  carried 
into  the  sea  by  inundations  and  freshets  of  rivers ;  in  this  case,  the  layent 
of  clunch  or  finely  levigated  shale  which  suppect  the  coal-seams  may 
have  originated  firam  the  earthy  debris  brou^t  down,  by  the  floating 
masses  of  terrestrial  plants,  f^ 

•  8.  The  (3^beat  Dismal  Swamp  or  ViBGiifiA.  —  The 
formation  of  the  coal-measures  from  terrestrial  trees  and 
plants,  not  drifted,  but  growing  on  the  areas  now  occupied 
by  the  coal,  is  strongly  advocated  by  Sir  C«  Lyell :  and  tha 
following  notes  from  the  observations  of  this  profound  ge<>» 
legist,  on  the  "  Great  Dismal  Swamp'*  of  Virginia,  in  North 
Carolina,  afford  an  interesting  illustration  of  this  hypothesis. 

The  *'  Great  Dismal»'*  is  a  morass  forty  miles  long,  and  twenty-fiv^ 
miles  in  its  greatest  width,  and  has  the  appearance  of  a  broad  inundated 
river-plain,  covered  with  all  kinds  of  aquatic  trees  and  shrubs,  the  soil 
being  as  black  as:  in  a  peat-bog.  It  is  one  enormous  quagmire,  soCt 
and  muddy,  except  where   the  surface  is  rendered  partially  firm  by  a 

*  Quart.  Joum.  Geol.  Soc.  vol.  x.  p.  47. 

t  Sir  R.  I.  Murchison. — The  following  remarks  of  an  eminent  French- 
geologist,  Constant  Provost,  are  especially  worthy  of  attention  in  reUtion 
to  this  subject : — "  On  n'a  pas  assez  r6fl6chi  lorsque  I'on  a  dit  que  les 
formations  fluvio-marines  n'^taient  que  des  accidents  locaux  d'embou- 
chure  et  de  golfe ;  on  pourrait  presque  avancer,  sans  paradoxe,  que  dans 
certaines  mers  bordees  de  vastes  continents,  les  eaux  douces  affluentes 
produisent  plus  dans  la  mer,  que  les  eaux  marines  elles-mdmes,  Le  Mis* 
sissipi  et  ses  tiibutaires  enl^vent  au  continent  qu'ils  traversent  plus  de 
matiercs  s^dimentaires  et  de  corps  organises,  pour  les  porter  dans  la  nter, 
que  les  vagues  de  celles-ci  n*en  prennent  sur  tout  le  pourtour  des  deux 
Am6riques ;  et  l*on  sait,  par  de  journaliers  exemples,  que  des  veg^tauz 
apportes  par  ce  fleuve,  des  rives  du  Missouri  dans  le  golfe  du  Mexique,. 
vont  atterrir  sur  les  c6t^s  d'Islande,  et  m^me  du  Spitzberg.** — De  la 
CArono^offie  des  Terrains  et  du  SynchronUvM  des  Formations.     1845. 


tKireritif  of  ¥«getatilcs  Riid  their  tnatted  TootE ;  and  is  actually  lufhtt 
l^sn  Dearly  aU  the  iirm  and  dry  land  whicli  eticompaasoa  tt ;  mid,  to 
m&ke  the  anomaly  complete^  in  spil«  oT  ils  aenii-f!iiid  characLer^  it  is 
kigii^r  in  the  interior  than  towards  the  mftrgin.  The  a  oil  of  the  ai^aiTsp 
h  fornied  of  vegetable  matter,  usunlly  without  any  admixture  of  eanhy 
pattieles.  We  have  here,  in  fact,  a  deposit  of  pent  from  ten  to  fifteen 
ttM  in  thickness,  in  a  latitude  where,  owing  to  the  heat  of  the  mm  and 
Itfttgth  of  the  summer,  no  peat-moi^es  like  those  of  Europe  would  he 
looked   (ox  uader  ordinBry  circumstances.     The  juniper  trees,  or  white 

ri  {Chipressu3  thuifoidea),  stand  tlrmly  in  the  scsfleat  part  of  the  quag- 
supported  by  their  long  tap -roots,  and  afibrd,  with  many  other 
evengreens,  a  dark  ahade,  under  which  a  multiltide  of  ferns,  reeds,  and 
ahnihs,  from  nme  to  eighteen  feet  high,  and  a  thick  cjirpet  of  mosses 
cpring  up,  and  are  protected  from  the  rays  of  the  buiu  Where  these  are 
raost  powerful^  the  liiTge  cedar  {Cupressua  diidcha  or  Taxodium  du^ 
Hehttm)  and  many  other  deciduous  trees  are  in  full  leaf.  The  black 
soil  formed  beneath  tbi»  shade,  to  which  the  mo^des  and  leaves  make 
Minimi  additions,  is  a  soft  blaclc  mudj  without  any  traces  of  organise  a  tioti, 
Numerous  trunks  of  large  and  tall  trees  he  buried  in  the  black  niire  of 
die  morass.  In  the  mid«t  of  the  swawp  there  ia  a  lake  ol  an  oral  ibrro, 
ieven  miles  long,  five  wide,  and  the  deplh^  where  greatest,  fifteen  feet ; 
m  bottom  consista  of  mud  like  tlie  »wamp,  but  which  in  sume  platics  is 
covered  by  a  pure  while  aaud,  a  foot  deep.  This  aheet  of  watec  is  usually 
even  with  the  banks,  on  wliich  a  tall  and  thick  forest  grow** 

The  phenomciiii  above  described  help  us  greatly  to  conceive  the  man- 
lier in  which  the  coal  of  the  ancient  carboniferous  rocka  muy  have  been 
formed.  The  heat,  perhaps,  may  not  have  been  excessive  wben  the 
coat^measure  originated,  but  the  entire  absence  of  fioat,  with  a  warm 
4Uld  damp  atmosphere,  may  have  enabled  tropical  forms  to  flourish  in 
latitudes  far  distant  from  the  line.  The  frei|uent  aubmer^cncje  of  masaes 
of  vegetable  iwalter  like  the  morass,  beneath  aeoa  or  estuaries,  aa  often 
AS  the  land  eianic  dow^n  during  subterranean  movements,  may  have  given 
lise  to  depoBitiona  of  strata  of  mud,  ttaud,  or  limestone,  immediately  upon 
the  Testable  matter.  The  conversion  of  sncceaaive  surfaces  into  dry 
land,  on  which  other  swamps  supporting  trees  w^ere  formed,  might  give 
mfigm  to  a  continned  series  of  coal*mea9ureft,  of  great  thickness** 

The  above  is  a  concise  exposition  of  this  theory  by  one  of 
iti  ablest  advocatcHj  anti  is  tlierefope  deserving  every  con- 
fideratioa  i  and  the  more  so,  since  the  same  philosoplxical 

•  Tmrekia  North  AmericiL,  voU  i,  chap,  v'd. 
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observer  has  brought  forward  a  plausible  explanation  of  the 
perplexing  enigma  presented  by  the  purity  of  the  coal  itself 
from  sandy  and  earthy  particles,  and  by  the  comparatively 
great  thickness  of  many  coal-seams.  He  adduces  as  illus- 
trative of  the  probable  origin  of  such  coal-beds,  the  exist- 
ing conditions  of  the  "  Sunk  Country,"  in  the  valley  of  the 
Mississippi,  and  other  of  the  great  "  cypress-swamps  "  of  that 
region,  where  great  areas  of  rapidly  accumulating  vegetable 
matter  are  protected  by  thick  marginal  belts  of  reeds  and 
brushwood,  which  effectually  resist  the  introduction  of  any 
of  the  detrital  matter  suspended  in  the  waters  of  the  annual 
inundations.* 

9.  TJpEiGHT  Teees  IK  THE  CoAL-MEASTTEES. — The  Oc- 
currence of  trees  in  an  upright  position,  in  some  instances 
with  their  roots  attached,  and  extending  into  the  under-clay, 
is  regarded  as  another  unequivocal  proof  of  the  formation  of 
coal  from  vegetables  growing  on  the  spot. 

Several  instances  of  this  kind  have  been  observed  in  England.  One  of 
the  most  remarkable  was  brought  to  light  (from  1837  to  1846),  in  the  ex- 
cavations for  the  Bolton  and  Manchester  Railway,  near  Dixonfold,  where 
five  large  stems  {Sigillaria)  were  found  erect,  with  their  roots  extending 
into  a  layer  of  impure  clay  below,  in  which  were  found  many  specimens 
of  the  fossil  cones  known  as  Lepithslrobi.f  They  stood  on  the  same 
plane,  and  near  to  each  other.  The  trunks  were  surrounded  and  filled 
by  a  soft  blue  shale,  the  carbonized  bark  (or,  rather,  the  thin  outer 
cylinder  of  woody  tissue)  being  all  that  remained  of  the  original  structure. 
The  stems  are  gnarled  and  knotted,  and  have  decorticated  prominences, 
like  those  in  barked  trunks  of  our  old  dicotyledonous  trees.  All  these 
trunks  appear  to  have  been  broken  off  by  violence  at  a  height  of  four  or 

♦  Manual  of  Geology,  r)th  edit.  p.  385.  The  subject  of  the  origin 
of  coal-beds,  both  on  the  hypothesis  of  the  accumulation  of  plants  grow- 
ing in  place,  and  on  that  of  the  drifting  of  masses  of  plants,  is  ably  treated 
in  De  la  Beche's  "Geological  Observer,**  and  in  Phillips*  "Manual  of 
Geology.**  See  also  Williamson's  Remarks,  Rep,  Brit,  Assoc.  1842, 
Sect.  p.  48. 

f  Medals,  p.  141. 
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^■fesL  abor&  ibe  roois,  and  no  traeea  of  the  upper  ptkH  of  tlie  stems  or 
|iHclies  were  delected.  • 

Mr*  Biutiey  has  deacribed  a  very  iiiler(?atidg  speinraeu  of  a  rooled  stump 
of  a  Sigillam  met  witk  in  a  collieTy  at  Dunkinfieldt  about  seven  miles 
east  of  Manchester.f 

lu  coristnietmg  the  raOT^ay-tuniiel  at  Clfly-cToas,  a  few  miles  south  of 
Chesterfield,  through  the  middle  part  ion  of  the  Derbyshire  Ciial-meaaurea, 
la  183d,  a  group  of  nearly  forty  trees  {S^iilarite)  was  discovered.  These 
stood  at  right  angles  to  the  planes  of  si  ratification,  and  not  more  thaa 
I^ree  or  four  feet  aparl.^ 

In  the  Derwent  Mines,  Dnrham,  al  the  depth  of  fifly-flTe  fftthoms,  nroon  j 
numerous  examples  which  were  lying  m  horiKontal  layers,  wpre  sereral  in 
an  ^rect  posit i op.  Two  stems  of  Sic^illariffi,  situated  in  the  apace  cleared 
out  to  get  at  the  lead-ore,  stood  npright^  having  iheir  roots  firmly  im- 
Opacted  in  a  bed  of  bituminous  shale  ;  they  wgtq  five  feet  high,  and  two 
in  diameter,  I 

In  Ibe  Newcastle  coal-fieU,  a  stratum  of  sandstone  occurs  150  yards 
I  below  the  surface,  in  whicii  were  obtterved  many  erect  stems  of  trees, 
Ifenn  two  to  eight  feet  in  circumference,  having  their  routs  in  a  thin 
;  layer  of  coaL§ 

On  the  coast  of  Northumberland,  wtthm  the  length  of  half  a  mile^ 
twenty  upright  trtes  were  observed  in  1816,  by  Mr*  Trevdyan  ^  H  and 
iimOar  Tossils  were  noticed  many  miles  distant  from  this  spot,  in  the 
Eie  coal-field,  as  if  they  were  a  continiiatiin  of  a  submerged  forest^ 
the  trees  of  which  had  maintained  their  erect  positioUj  like  those  of  the 
Ule  of  Portland  (p>  399).  Examples  of  isolated  upright  triitiks,  with  more 
Of  less  f>f  the  roots  attached,  are  not  uncommon. 

In  Glamorganshire  Do  la  Beche  and  Logan  observed  a  fine  group  nf 
upright  SigiUariBe.** 


•  Medsla,  p.  125  j  Geoh  Transact,  2  ser.  voL  vi.  p.  173,  pL  17;  and 
Geol.  Proceed*  vol,  Ui*  p*  139  and  269*  Owing  to  the  scientific  zeal  of 
Mr.  Hawkshaw,  F.G,S.,  who  originally  described  these  interesting  relics, 
slapalseomc  forest,  they  have  been  carefully  preserved  in  their  natural 
fMitlon.  See  also  Trans*  Manchester  GeoL  Soc.  vol.  i.  p,  112. 

t  CeoL  Joum*  vol.  iL  p.  390, 

♦  Gcol.  Proc.  vol*  iii.  p.  272, 

H  Obsen'attons  on  Fossil  Tege tables,  by  Henry  Witham,  4 to  i  Edin- 
iKirife,  1831,  p.  5.  §  JStUp.  7, 

f  Bucktand  Bridg.  Treat,  p,  470. 
••  Metn*  Geol,  Survey,  vol  i,  p*  183, 
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10.   Upbtght   Trees    at  Wolvuvbaxttos  aitd  ^^' 
Etiekne. — The  following  examples  may  also  be  adduced. 

In  a  colliery  near  Wolverhampton  the  bottom  coal  rises  to  Tiew,  ■-^^ 
where  the  surface  has  been  cleared  of  the  alluyial  covering,  it  preser^    . 
"  the  appearance  of  a  moor  on  which  a  full-grown  fir-wood  had  been  c"^]^ 
down  a  few  months  before,  and  only  the  stumps  left  behind.    Stump  van^^ 
beside  stump,  to  the  number  of  seventy-three  in  all :  the  thickly  diveigii^^^ 
roots  strike  out  on  every  side  into  what  had  been  once  vegetable  moul^^^ 
but  which  now  exists  as  an  indurated  brownish-colotored  shale.    Man^^^ 
trunks,  sorely  flattened,  lie  recumbent  on  the  coal,  some  of  them  fii^^^ 
thirty  feet  in  length,  while  some  of  the  larger  stumps  measure  rathe::^'''' 
more  than  two  feet  in  diameter.      There  lie  thick  around  Stigmarior  ^"^ 
Lepidodciidra,  Calamites,  and  fragments  of  Ulodendra ;  and  yet,  with  al     ^ 
the  assistance  which  these  lent,  the  seam  of  coal  formed  by  (his  andeo 

forest  does  not  exceed  five  inches  in  thickness Not  a  few  o  -^* 

the  stumps  in  this  area  are  evidently  water-worn The  prostrate 

forest  had  been  submerged,  and  molluska  lived  and  fishes  swam  over  it^^* 
This  upper  forest  is  underlaid  by  a  second,  and  even  a  third ;  we  fin^^^ 
three  full-grown  forests  closely  packed  up  in  a  depth  of  not  more  ths"  -^ 
twelve  feet.* 

A  coal-pit  at  Treuille,  near  St.  Etienne,  Department  of  the  Loire,  i —  "^ 
France,  described  by  M.  Alexandre  Brongniart,  contains  many  Rems  »  3f 
Calamites  and  other  trees  in  an  erect  position  ;  and  this  fact  is  general's-  J 
considered  as  an  indisputable  proof  that  the  coal  was  produced  by  tk=»-0 
submergence  of  a  forest  that  once  grew  on  the  spot :  but  as  many  of  the^»« 
stems  are  inclined  at  various  angles,  and  their  roots  implanted  in  dE  :^* 
ferent  beds,  the  perpendicularity  of  the  upright  trees  is  possibly  acc?^' 
dental.  This  mine  is  most  favourable  for  observation,  for  it  is  in  tJ^e 
open  air,  and  exposes  to  view  a  natural  section  of  the  strata  of  clay,  shaE  ^% 
and  coal,  with  four  layers  of  compact  iron-ore,  in  flattened  nodul^^* 
which  are  accompanied,  and  even  penetrated,  by  vegetable  remains.  Tl^® 
upper  ten  feet  of  the  quarry  consist  of  micaceous  sandstone,  which  is  *** 
some  instances  stratified,  and  in  others  possesses  a  slaty  structure.  Int'b^^ 
bed  are  numerous  vertical  stems  traversing  all  the  strata,  and  appeari.x^0 
•  like  a  forest  of  plants  resembling  the  Bamboo  or  large  EqtUseta,  turt*^** 
into  stone,  in  the  place  on  which  it  grew.    The  stems  are  of  two  kinci^  ' 

♦  First  Impressions  of  England  and  its  People,  by  Hugh  Miller,  p.  ^^^ 
(Edit.  1857,  p.  202).    This  fossil  forest  is  described  and  illustrated     "^^ 
Messrs.  11,  Beckett  and  W.  Ick,  mlhe  Geol.  Soc.  Joum.  vol.  i.  p.  41-  - 
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>  one  loD^  and  siender^  from  one  to  four  mches  in  diameter*  and  nine 
■  ten  feet  high,  being  simply  jointed  and  elriated  solid  cylinders  of 
Bfttiriatone,  wiih  a  thin  coaly  Uark ;  the  other  and  less  common  apecif]^ 
are  hollow  cyUndricul  BttmSt  spreading  out  from  ).he  base  like  a  root,  but 
wiiijoui  ramificatioiia.  * 

IL  TJFEiaHT  Trees  in  the  Coa^l-Measures  oe  Noya 
Scotia  axu  Cape  Bretok, — Niimeroui  erect  trees  in  the 
C«pe  Breton  coal-measures  have  been  observed  and  deacribed 
h  Mr.  B.  BrowUjf  many  them  having  their  roots  and  rootlets 
still  attached.  Andj  though  it  is  unnecessary  to  multiply  es- 
amplee  of  the  occurrence  of  treea  in  an  upriglit  position  in  the 
cirboniferouB  deposits,  this  phenomenon  is  so  strikingly  dis- 
played in  the  coal-measures  of  Nova  Scotia,  and  has  been  sa 
T^eil deaeribed  by  Logan,  Dawson,  and  liyell,  that  I  cannot 
omit  a  short  account  of  the  erect  stems  in  the  cliffs  of  tlio 
Bay  of  Fimdy  : — 

In  the  coal-tncasufcs  on  the  Bouthem  shores  of  a  branch  of  the  Ba\, 
iliere  jtre  ten  Hncceasive  stages  of  erect  trunks  of  trees,  placed  at  riglit 
«t|les  to  the  pieties  of  slratirtcatioiij  through  a  thicknt'&j  of  strata  of 
^500  feet;  the  en  lire  series  of  deposits  ia  estimated  to  be  five  miles  in 
_  lliickneas.  The  strata  are  inclined  at  an  angle  of  between  25"  and  SO'*. 
!  tnmks  of  the  trees  are  often  mere  hoi  jew  cylinders*  consislmg  of 
5  bark  in  the  state  of  pur©  coal,  and  filled  with  sand  and  clay,  con- 
kic^  leaves  of  ferns  and  other  plants,  and  in  one  instance  the  bones 
4  small  reptile  and  the  shell  of  a  land-snail. t  A  trnnk,  fourteen  Inches 
a^itttnetfiT,  had  a  coating  of  bark  a  quarter  of  an  inch  thick.  Beds  of 
tilnminous  shale  and  clay  with  Stigmariai,  ten  feet  thick,  are  described 
H  overlying  one  series  of  upright  treeS;,  and  upon  these  was  another  bed 
ifcoal^oiie  foot  thicks  that  supported  two  trees,  each  eleven  feet  high, 
i  sixty  yards  apart. f 

•  Notice  sur  des  V6pfetaui  Fossils  traTersant  lea  couches  du  Terrain 
llffttiiUer,  par  M,  Ale^.  Brongniart^  Paris,  182L  See  also  De  la  Bechti':? 
pOcolodcal  Memoirs,"  1S24,  for  a  translation  of  M,  Beaunier^s  descrip- 
[tkmftf  ihe  coal-district  of  St,  Etienne,  with  a  drawing  of  the  quarry  and 
f^priyhl  sterna. 

1  GeoU  Soc,  Proceed,  vol.  it.  p*  176^  Jo^iirn.  voL  li.  p*393;  toL  iv, 
I  P-46;  and  voh  v,  p,  354*  J  Joum,  Geol.  Soc.  toI.  ix.  p*  58. 

!  S(fB  the  Section  of  the  rKflPs  of  the  South  Jopfins,  tx^^x  '^lvpra4v&^ 
j  KonScolia;  TraveJ*  in  North  Ameiim,  voh  ii.  p,  \&0,  ftg.  1\, 
2t 
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In  the  Joggins  section  many  of  the  erect  trees  appear  without  roots ; 
which  circumstance  is  explained  by  Mr.  Dawson,  1st,  by  the  fact  that 
in  the  exposed  cliff  the  under-day s,  with  the  roots,  weather  away,  leaving 
the  stumps  still  supported  by  the  overlying  and  harder  sandstone  ;  and 
2ndly,  by  the  supposition  that  often  the  roots  have  been  incorporated  with 
the  coal-seams.*  These  trunks  often  resemble  those  found  erect  at 
Dixonfold,  in  England ;  but  some  are  decidedly  SigiUarm,  A  few  of 
the  upright  trees  appear  to  be  true  Coniferae. 

At  Pictou,  a  hundred  miles  to  the  eastward  of  the  Minudie  coal-mea- 
sures, the  same  group  of  deposits  •occurs,  and  yields  a  large  supply  of 
coal.  In  this  locality  there  is  a  row  of  upright  Calamites,  in  sandstone, 
all  terminating  downwards  at  the  same  level,  where  the  sandstone  joins  a 
layer  of  coarse  grey  limestone  with  pebbles.  The  tops  of  the  Catamites 
terminate  at  different  heights,  where  the  grit  becomes  coarser ;  and  have 
.not  been  removed  by  decay,  but  have  evidently  been  broken  sharply  off, 
sometimes  presenting  at  the  summit  a  crushed  appearance,  like  that  of  a 
hollow  cylinder  of  paper  bent  at  right  angles.  The  bed  of  erect  Calamites 
at  St.  Etienne  (p.  688)  is  regarded  by  Sir  C.  Lyell  as  analogous ;  and  he 
considers  both  localities  as  affording  unequivocal  proof  of  fossil  trees  oc- 
cupying the  ground  on  which  they  originally  grew.f  Sir  C.  Lyell  has 
also  described  a  good  example  of  numerous  upright  and  rooted  fossil  trees 
(Sigillaria)  as  occurring  in  the  coal-measures  of  Indiana,  at  Kimball's 
Mill,  near  Evansville. t 

To  account  for  the  several  series  of  these  erect  trees  at 
successive  stages  on  the  supposition  that  the  trunks  are  now 
standing  in  their  original  position,  we  must  suppose  period- 
ical subsidences  of  the  land  to  have  taken  place.  "  It  bj 
no  means  follows,"  observes  Sir  C.  Lyell,  "  that  a  sea  four 
or  five  miles  deep  was  filled  up  with  sand  and  sediment.  On 
the  contrary,  repeated  subsidences,  such  as  are  required  to 
explain  the  successive  submergence  of  so  many  forests  which 
grew  one  above  the  other,  may  have  enabled  this  enormous 
nccumulation  of  strata  to  have  taken  place  in  a  sea  of  mode- 
rate depth."  § 

•  Quart.  Joum.  Geol.  Soc.  vol.  x.  p.  30. 

f  Travels  in  North  America,  vol.  ii.  p.  195 ;  Dawson,  Quart.  Joum. 
Geol.  Soc.  vol.  vii.  p.  195  ;  and  "Acadian  Geology,"  8vo,  1815. 
J  Second  Visit  to  the  United  States,  vol.  ii.  p.  272. 
/  Travels  in  North  America,  vol.  il.  p.  190, 
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15.  CoAi-SHALEa  AKD  Vb&etablk  Eemains.  —  I  ha?e 
ilreadj  stated  that  it  is  from  the  shales,  or  alaty  coal  of  the 
roof,  that  the  moat  abimdrmt  and  illimtrative  examples  of 
tbe  plants  of  the  carboniferous  epoch  are  obtained ;  in  many 
layerSj  vegetable  remaiiiH  occur  between  every  lamina,  the 
eatim  mass  being  formed  of  carbonized  IcaYes  and  stems, 
closely  pressed  together  in  clay.*  The  carbonaceous  matter 
is  sometimes  in  an  unconsolidated  state,  exhibiting  the  mat- 
ted fibres,  leaves,  and  stems.  Tliis  condition,  indicating  an 
intermediate  stage  in  the  formation  of  coal,  is  not  of  unfre- 
quent  occurrence  in  the  secondary  and  tertiary  carbonaceous 
deposits,  bat  is  rare  in  the  most  ancient.f 

The  roof  of  a  coal-mine,  w^ien  newly  exposed,  displays  the  nio«t  inter- 
Mi.  tug  spectacle  imaginable ;  leaves,  branches,  and  stems,  of  the  most 
elefaat  and  delicate  forms,  being  embossed  on  the  dark  shining  Burlace.J 
The  coaJ-miuea  of  Bohemmi  the  fossil  plants  of  which  are  well  known, 
from  the  beautiful  work  of  Count  Siemher^,^  are  stated  by  Dr.  Buck* 
laiid  to  be  the  most  interesting  of  any  he  has  visited,— but  1  will  describe 
them  in  his  own  eloquent  language.     *'  The  most  elaborate  imitations  of 
living  foliage  npon  the  painted  ceilings  of  Italian  palaces  bear  no  com- 
jarjjson  with  the  beauteous  profusion  of  eximct  vegetable- forms,  wiih 
■which  the  galleries  of  these  instnictive  coal-mines  are  overhung.     The 
iCtif  is  coTered  as  wiih  a  canopy  of  gorgeous  tapestry,  enriched  with  fes- 
ttffln»  of  the  most  graceful  folUge,  flung  in  wi[d  irregular  profusion  over 
evf^ry  portion  of  its  surface^    The  effect  is  heightened  by  the  contratit  of 
tile  c'oal-bUE^k  colour  of  these  vegetables  with  the  light  ground -work  of 
■lie  roek  to  which  they  are  attat^hfd.     The  spectator  feels  transported,  as 
In  by  eijchantmentt  into  the  forests  of  another  world  ;  he  beholds  trees  of 
form  and  character  now  unknown  upon  the  surface  of  the  earth,  prcseni- 
ed  to  his  senses  almost  in  ihe  boanty  and  vigour  of  their  primeval  lifi^  ^ 
neir  sraly  stems  and  bending  branches,  with  their  delicate  apparatus  uf 
Boliage,  are  all  spread  forth  before  him,  little  impaired  by  the  lapse  of  in- 

•  Mem,  Gool.  Survey,  vol.  I*  p,  193,  fig.   13, 

t  Silurian  System,  p.  100, 

J  See  Mr.  R.  C,  Taylor's  notice  of  fossil  Arborescent  Ferns,  Sigillarifl^ 
tnd  ulher  Coal -plan  tjj,  exhibited  in  the  roof  and  flnor  of  a  coal-seam  iti 
^■aphin  County,  P ennsyl van ia.     Traji;?.  A  mer   P hi) .  S qc,  '1  s^t  -  \ti\ .  \Tt> 
p,  219,  Phlhd^Iphia,  Jdl3.  }  Flore  du  Mond^^Trnxv^- 
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definite  ages,  and  bearing  faithful  records  of  extinct  systems  of  Tegetati 
which  began  and  terminated  in  times  of  which  these  relics  are  the  inl 
able  historians.  Such  are  the  grand  natural  herbaria  wherein  these  m 
ancient  remains  of  the  vegetable  kingdom  are  preserved  in  a  state  of 
tegrity  little  short  of  their  living  perfection,  under  conditions  of  our  pla 
which  exist  no  more."  • 

13.  MiLLSTOKE-GBiT. — The  coal-measures  north  of  t 
Trent  are  superposed  on  the  group  of  coarse  sandy  a 
pebbly  deposits  designated  by  this  term ;  but  to  the  sou 
these  strata  appear  as  a  hard  sandy  rock  Q^  Farewell-rock ' 

The  most  characteristic  bed  of  this  series  is  the  quartzose  conglom 
ate,  termed  millstone-grit,  which  consists  of  rolled  fragments  of  quar 
rock  and  granite,  of  various  sizes,  from  that  of  a  pear  downwards,  • 
mented  together  in  some  instances  by  an  argillaceous,  in  others  b] 
crystalline  silicious  paste.  Sandstones  composed  of  the  fine  detritus 
similar  materials  are  associated  with  the  grit.  Water-worn  fragments 
shale,  coal,  rednsandstone,  stems  of  plants,  &c.,  all  bearing  marks 
transport  by  currents  and  streams,  are  also  often  found  imbedded  the 
in.  Beds  of  coal  are  occasionally  interpolated  in  this  series,  and  in  so 
localities  the  lowermost  strata  consist  of  shales  with  coal-plants,  and  c 
tain  nodules  of  ironstone  similar  to  those  of  the  upper  coal-strata,  a 
veins  of  lead  and  copper.  Satin-spar,  and  naphtha,  petroleum,  and  ok. 
bituminous  substances,  occasionally  occur  in  the  shales  of  this  series* 

In  Yorkshire  the  Millstone-grit  is  an  important  deposit,  contair: 
several  subordinate  beds  of  coal ;  and  is  separated  from  the  great  infie 
calcareous  group  (known  in  the  north  of  England  as  the  Scar-limest^ 
by  deposits,  not  less  than  1000  feet  thick,  equivalents  of  the  Upper  L^ 
ttone-ahales  of  Derbyshire,  and  known  as  the  Yoredale-rocks,  in  w  J 
five  series  of  limestone-strata,  remarkable  for  their  continuity  and  re^ 
thickness,  alternate  with  great  masses  of  sandstone  and  shale,  coataisi 
innumerable  impressions  of  coal-plants,  and  a  few  seams  of  coal.f 

In  a  sandstone  belonging  to  this  series,  from  the  Hwtti 
Eoof  Mine,  Mr.  Binne  \  has  recognised  trails  of  MoUusi 
and  of  Annelids;  and  in  the  Millstone-grit  of  TintwistJi 

•  Bridgewater  Treatise,  p.  458. 

t  Professor  Sedgwick,  "  Anniversary  Address,"  1831,  Proc.  Geol.  Sw 
vol  l  p.  286;  Phillips.  **Geol.  Yorkshire,"  and  "Manual  Geol.*»  1856 
/  Trans.  Phil  Lit.  Soc  Mancheslw,  ^ind  %fei.  yoL  x.  p.  18L 


Clieskire,  the  same  indefatigable  eiplorer  of  the  Coal-fornm- 

hm  of  Central  England  haa  diticovered*  fine  tracks  of  a 

robabl  V  reptilian  quadruped,  ^innlar  to,  but  of  mueb  larger 

prDprtiona  than  even  that  which  haa  left'  on  the  Permian 

mudstonea  of  Corncockle  ^luir  the  impression b  referred  to 

f^Uehnm  Titan  hj  Sir  W.  Jardine.     Prof,  llarkness  also 

\m  recognised  Annelid  tracks  in  the  Millstone-grit  t  (Ire- 

Inud). 

14.  Cahbokifeboub  ob  Mountaik  LiMEaTo:siE. — Be- 
neath the  Milletone^grit  and  Upper  Limestone- shale,  and 
indeed  intimately  conneeted  with  the  latter,  is  tbe  great  cal- 
cflj^aus  member  of  the  lower  portion  of  the  Carhonifemua 
system.  TJiis  is  an  estenaive  assemblage  of  ealcAreous 
itnta,  composed  for  the  most  pojt  of  subcrvetalHne  grey 
limestone,  disposed  in  beda  of  considerable  thickness ;  the 
strata  through  a  depth  of  many  hundred  feet  heing  separated 
only  by  very  thin  el  ay- partings.  Shales  and  grits  are  inter- 
<^]]ited  in  certain  localities ;  and  in  some  countries  import- 
ant beds  of  coal  are  situated  in  this  division  of  the  system* 
Ujers  and  nodules  of  chert  occasionally  traverse  the  lime- 
rtones,  like  the  Hints  in  chalk. 

Tbe  t^rm  Mountain'timastone^  ^^^\{k'^  Vq  ih^m  cakareoiis  rouka,  has 
«^Tiaied  frum  their  fjften  fnrmmg  tle^alcd  nioimlaiii-chahia,  as  in  Dl^t- 
bysilre,  Yorkshire,  BoineracUhire,  &c,,  giviiijEr  ri^e  to  sLcneiy  ^hicii 
ctjuds,  if  not  Hurjiassea,  in  picLurfsquu  beauty  ihftt  of  any  oliiL'f  pari  ot" 
KjigSftnd.  I  nct^d  bui  menttnn  the  vale  of  the  Avwn  ut  CUftan,  Miulnck- 
!(?♦  Dovfcdale,  the  escjirpnjenijj  thai  overh'inK  lh«  Wye  near  Chepstow, 
The  rciagtil fluent  gorge  of  the  Avtrti  at  Clifton  is  flanked  by  an  un* 
iilemiplpd  £iic3c«gEitin  of  mnrni  prmpices,  known  by  the  jiamo  of  St, 
Vincent's  Rookii,  and  presents  an  mirivalled  natural  seetion  of  tlie  Car- 
Wife  ruus  limeatune.  The  catcartoua  bi^da  rest  on  strata  of  the  Devonian 
^ni^  whieh  may  be  seim  yn  l>oth  sides  of  the  river,  near  Ci>ok*s  FoUy^ 
^Iftiding  on  the  soiith  nnder  Leiph-down  and  Wesion-down,  J 

'  Wnarl.  Jonrn.  GeoU  Soc.  voL  xii-  p.  350- 

t  iidin.  New  Phil,  Jounu  new  seriest  vol.  i,  p.  *27S. 

t  D<»ttriptic»ii2  finud  sixiiona  of  thasi?  rocks  have  bei^u  mtAe  \(v  X^t, 
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This  series  of  strata  is  also  remarkable  for  the  deep  chasms  and  fis- 
sures by  which  the  rocks  are  traversed ;  the  principal  caverns  of  this 
country  being  situated  in  them ;  those  of  Derbyshire,  Yorkshire,  Somer- 
setehire,  &c.,  are  well  known.  Swallow-holes  and  subterraneous  rivers 
are  likewise  frequent  throughout  the  districts  formed  by  these  deposits. 

The  mountain-limestone  is  largely  developed  over  the  central  and 
northern  parts  of  England,  and  the  south-west  of  Scotland  :  and  it  is  the 
predominant  rock  throughout  the  greater  part  of  Ireland.  In  Somerset- 
shire, Gloucestershire,  Shropshire,  North  and  South  Wales,  and  Derby- 
shire, it  constitutes  an  almost  entirely  calcareous  mass,  interposed  be- 
tween the  Devonian  group  below  (or,  where  that  is  wanting,  the  more 
ancient  Silurian  rocks)  and  the  upper  shales,  grits,  and  coal  above.  In 
Cumberland,  and  Westmoreland,  &c.,  it  appears  as  an  elevated  belt,  which 
partly  surrounds  the  Cumbrian  slate-mountains,  and  forms,  on  the  west, 
a  ridge  nearly  three  thousand  feet  in  height. 

In  Northumberland  the  mountain- limestone,  modified  by  intercalated 
shales  and  coal-beds,  and  associated  with  the  overlying  millstone- grit,  oc- 
cupies large  areas,  and  constitutes  ranges  of  hills  of  considerable  elevation ; 
the  geographical  features  strongly  contrasting  with  those  of  the  adjacent 
country  on  the  south,  which  consists  of  the  upper  coal-bearing  strata, 
spread  out  in  a  plain  of  great  extent. 

In  Derbyshire  the  grand  physical  features  of  the  country  are  produced 
by  the  mountain-limestone,  which  rises  into  crags  or  peaks,  and  hills, 
presenting  bold  precipitous  escarpments,  and  produces  the  wildest  and 
most  picturesque  scenery.  Professor  Phillips  estimates  the  thickness  of 
the  lower  division  of  limestones,  with  shale-partings,  in  Derbyshire  at  750 
feet ;  the  alternations  of  shale,  sandstone,  limestone,  and  ironstone, 
which  surmount  the  former,  at  500  feet ;  and  the  cappings  of  millstone- 
grit  which  form  the  summits  of  the  hills,  at  360  feet. 

The  Carboniferous  Limestone,  though  some  of  the  beds  are 
destitute  of  fossils,  is  for  the  most  part  largely  made  up  of 
corals,  crinoids,  shells,  &c. ;  these  often  form  three-fourths 
of  the  mass.  Of  the  1900  feet  thickness  of  Mountain-lime- 
stone in  South  Wales,  the  lower  half  may  be  said  to  be  made 
up  of  Crinoidea  and  Strophomencd,  and  the  upper  portion  of 

Bright  (Geol.  Trans,  vol.  iv.  p.  193) ;  Mr.  Cumberland  {ibid.  vol.  v.  p. 
95) ;  Buckland  and  Conybeare  {ibid.  2  ser.  vol.  i.  p.  210) ;  De  la  Heche 
and  Williams,  Mem.  Geol.  Surv.  vol.  i.  p.  113;  Lonsdale,  Murchison's 
Sil.  Syst.  p.  158.  See  also  Excursions  to  Clifton,  Matlock,  and  Crich 
Hill;  Medals  of  Creation,  vol.  ii.  pp.  ft64»8(i7, 880. 
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t;oni!a  (De  la  Bet-he  and  Phillips),  We  reserve  a  more  par* 
tieular  notice  of  tliese  orphan tc  remains  for  a  aubsequeot  part 
of  tliis  Lei'ture,  The  Derbyshire  encriuitnl  marbles  (see 
p-  060),  and  the  coral-marbles  of  St,  Yincent'a  rocltflj  near 

ftoa*  are  well-known  extimplea  of  the  finer  compact  varie- 

s  of  these  calcareous  deposita. 

In  the  Bristol  and  Mendip  district,  some  beds  of  tliis  great 
limestone  have  an  oolitic  strnctore,*  the  spberolea  contain- 
ing groins  of  sand,  water- worn  fragments  of  shells  and  other 
organic  an bst autoes,  or  the  litde  ekeils  of  foraminifera* 

The  chert,  wbere  interpolated  among  the  crinoideal  re- 
nmins,  contains  beautiful  casta  and  impresaious  of  the  stems 
and  ossicuia,  and  also  of  the  associated  shells,  in  consequence 
of  the  silicious  mattefj  which  surrounded  and  penetrated 
these  bodies,  having  resisted  the  chemical  action  that  aub* 
fteq^ucntly  destroyed  the  calcareous  stracture  of  the  ori- 
ginals^t 

15.  Berbtshibe  Lead-mi;!^i:b. — It  is  in  the  mountain- 
limestone  that  the  principal  British  lead-mines  are  aitnated, 
namelf,  thoae  of  Somerset^  Derbyshire,  York,  Flint,  Durham, 
and  Korthumberland,  In  Derbyshire  the  metal  occurs  in 
numerous  veins  which  traverse  the  strata,  and  extend  in 

me  instances  into  the  toad-stojie^ — a  volcanic  rock  which  we 

all  describe  in  the  sequel.  The  perpendicular  veins  (rake- 
veins)  are  from  two  to  forty  feet  wide  j  and  there  are  chaams 
Of  hollows  in  the  rock,  several  hundred  feet  in  widths  which 

io  contain  metallic  ores  and  spare.  Manganese,  copper, 
and  iron  are  found  in  the  limestone  5  but  the  predomin- 

Ing  metalliferous  ore  is  the  sulphide  of  lead,  or  galena, 

is  substance  is  of  a  bluish-grey  colour,  and  often  occurs  iu 

•  Thia  is  not  the  oldest  instance  of  the  occurrence  of  the  oolitic  Htruc- 
tbffl  la  fock^,  II  19  pre^nt  in  nome  pails  of  the  BftlaLimcatone^,  Aa  more 
em  instancefij  may  be  mentioned  oolitic  bed?*  in  the  Zechiitein  of  the 

ifmian,  tnd  the  Muachelkalk  of  the  Trias. 

f  Sfie  the  puHey-stoue,  Liyn.  152,  ^^.  1,  A\hich  U  a  aUklovia  tjfcsi  qI 
tn  eDcriuita)  column. 
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cubic  and  octahedral  crystals ;  it  is  also  disposed  in  thin 
layers,  as  well  as  in  veins.  It  is  accompanied  by  fluor-spar, 
calc-spar,  sulphate  and  carbonate  of  barytes,  iron-pyrites,  &c. 
The  variety  termed  specular  galena,  or  slickensides,  is  a  thin 
coating  of  lead  on  the  sides  of  the  veins,  and  appears  to  have 
arisen  from  one  wall  of  the  fissure  having  slipped  along  the 
face  of  the  other,  so  as  to  give  it  a  polished  or  slicken  sur- 
face. 

The  beautiful  mineral  known  by  the  names  oi  flttor^ar^ 
ehlorophane,  and  Derbyshire  spar,  and  provincially  called 
Blue-John  and  Bull-beef,  so  much  in  request  for  vases  and 
other  ornamental  purposes,  is  a  fluate  of  lime,*  found  in  the 
state  of  veins,  and  in  large  irregular  masses  from  three 
inches  to  a  foot  in  thickness,  in  the  Odin  mines,  near  Castle- 
ton,  in  Cornwall,  and  elsewhere. 

The  structure  of  the  country  around  Matlock  and  the 
principal  metalliferous  districts  of  Derbyshire  are  so  fully 
described  in  vaitous  works,  that  the  present  brief  notice  of  the 
manner  in  which  the  mineral  and  metallic  productions  occur 
will  suffice.  The  chasms  in  the  limestone  exposed  in  some  of 
the  quarries  are  often  more  or  less  incrusted  with  minerals  and 
spars,  and  exemplify  the  mode  in  which  the  rich  metallic  veins 
of  lead  are  distributed  in  the  interior  of  the  mountains.  A 
fissure  which  I  observed  in  a  quarry  in  Crich  Hill  will  serve 
as  an  illustration.  A  layer  of  the  dark  blue- grey  sulphide  of 
lead,  or  galena,  was  spread  over  the  surface  of  the  limestone 
that  formed  the  walls  of  the  fissure,  upon  this  was  deposited 
a  layer  of  white  baryt-spar,  and  on  the  latter  was  a  coating 
of  cubic  crystals  of  fluor-spar  of  a  light-blue  colour.  Usually 
the  fissure  is  filled  up  by  alternating  layers  of  crystalline 
veinstones  enclosing  a  central  vein  or  "rib  "  of  galena. 

16.  Caebonifebous  Eocks  of  Devonshiee. — The  rapid 

♦  This  appears  to  have  been  the  enigmatical  substance  of  which  the  al- 
most priceless  "  Myrrhine  vases  "  of  ancient  Rome  consisted.  (Frtkici's 

MafT. ) 
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akefccli  abor©  given  of  the  prmcipal  featurei  of  the  three 
CToupa  of  strata  composing  the  Carboniferoua  syetem  affords 
a  general  idea  of  the  prevailiug  characters  of  this  important 
fonnation.  There  ia,  however,  an  extensive  series  of  rocka 
which  belong  tu  thia  epoch,  but  occur  under  conditions  that 
hiive  rendered  tlieir  relatioDS  somewhat  obscure,  and  occa- 
aioned  them  to  be  classed  with  the  more  ancient  beds^  nntii 
tbe  inrestigations  of  Professor  Sedgwick  and  Sir  R,  I.  Mur- 
bison  demonstrated  their  true  position  in  the  chronological 


^--i^^sasaMMrsfes^^ZZS!^ 
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lJ03f.  IBS 9E.C1  lOS*  tip  TB£  SfAA-Tl   QT  D^VONB n I £1  B~ 

GeeMnn  from  >'ffE.  to  SBW,  shoving  thf  carbonlfcrDUA  ■(mta  fo)  in  the  «entT^,Tnt- 

lQir  on  eRch  tt^e  on  w?lil>tB  aad  uiiidttanet  of  tlie  Dt^robLan  Acricu  ib^b} ;  &  pfmm- 

■Ifld  Df  gnLDlte  {c)  occviTlTiff  on  tlie  ^f^V>'* 
Steliois  fhiin  aorth  to  south  ^  thfi  c«r}ioialferotift  faedH  Ta)  iriiote  on.  DeronLftD  ilnta  on 

lb*  nortli  f»;  Trhile  towards  t^E  south  thf.  ^nmiie-ar  Dirtmoi^r  han  been  pro- 

tm^ed  f<i ;  tiie  DtrvaulAti  Mr}(»  ft^}  i¥-9Lpp«iin  La  the  toirthern  port  of  The  cauntr. 

Itnntnatipd  bjr  a  laarvd  of  mkac^ou*  schl^ita  'ffj, 
ir,Cn^infreroti«  rodka  of  iXevatLatiJjv :  eHt^t  BChtitu,  culm,  BDd  FotldoiiDiiomfB-llizif- 

«IUn€. 
1],  UcToaLan  TQck«:    Ct^rmn^iila-IJmDStoEic  a&d  xctiitt*,  »iid»tonea^  glrtn^oeoplLBlui^ 

UEii>Fftoae  Bud  aCklBt*,  cim^Iamera te«,  laflLlslanra,  mad  low«rt  GcLbill. 
f,  GranJti?. 
fit  Mtcwceom  ichlstB  ^  mltrtiMl  or  inetaiuorirliooeti  ttnita^ 

arrangement  of  the  British  strata.*     This  group  consists  of 
klhiilea,  limestone,  and  slaty  coal  (provinciaily  called  culm}^ 
Oitituting  a  trough  of  carboniferous  deposits  super- im- 


Geo^.  Tranaact  2  ser.  vol,  t.  p.  63^,  &c,  j    Heport  British  Asaoc- 
lS36,  tedt,  p,  %;    PiiiA  Ma^-  voL  xir.  p.  241,  &c.  \    Edm'h.  'Ue^ 
^^t'i^.  rt^i  ^7Lp,  33/  Quart,  Joura.  Geoi,  Soc,  vol.  \iu.  ^^  %,  &^ 
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posed  on  "Devonian"   strata,   but  much  dislocated  and 
altered  in  character  by  intrusions  of  granitic  rocks. 

The  culmiferous  deposits  of  Devonshire  were  once  con- 
nected with  the  coal-formation  of  South  Wales,  on  the  north 
side  of  the  Bristol  Channel :  the  fossil  vegetables  which  they 
contain  appear  to  be  identical  with  those  of  the  coal-basin 
of  South  Wales.  In  the  section,  ^y.  1,  through  Devonshire 
from  NNE.  to  SSW.  the  culmiferous  beds  (a)  are  seen  to 
occupy  a  trough,  and  to  repose  on  each  side  on  the  schists 
and  calcareous  sandstones  (b,  b)  of  the  Devonian  or  Old 
Eed  series.  The  section  (^y.  2)  from  north  to  south  shows 
the  carboniferous  strata  (a),  flanked  on  the  north  side 
only  by  the  Devonian  rocks  (b),  the  granite  of  Dartmoor 
(c)  having  been  protruded  on  their  southern  edge ;  while 
the  Devonian  rocks  re-appear  in  the  southern  part  of  the 
county,  terminated  by  a  band  of  micaceo-chloritic  schists, 
which  are  parallel  to  the  great  disturbing  axis  of  Cornwall 
and  Devon,  and  are  probably  metamorphosed  sedimentary 
deposits.* 

17.  Tea-p-rocks  and  Trap-dtkes  of  the  Cahbontfer- 
oijs  Series. — The  coal  and  its  associated  strata  everywhere 
exhibit  proofs  of  the  violent  subterraneous  movements 
which  they  have  undergone  since  their  original  deposition  ; 
and  but  few  coal-fields  are  free  from  extensive  faults  and 
dislocations,  by  which  the  beds  have  been  broken  up  and 
thrown  into  different  levels  and  positions.  The  entire  group 
is  also  often  traversed  by  veins  and  dykes  of  intruded  vol- 
canic rocks ;  generally  consisting  of  the  hard,  dark-green, 
fine-grained  stone,  called  trap. 

In  Yorkshire  there  is  a  trap-dyke  of  prodigious  extent  and  thickness, 
named  the  Whin-sill^  which  traverses  the  coal 'measures,  red  sandstones, 

♦  Besides  the  above-quoted  works  by  Sedgwick  and  Murchison  on  the 

Culmiferous  beds  of  Devonshire,  the  reader  should  also  consult  De  la 

Beche's  *'  Report  on  Cornwall,  Devon,  and  West  Somerset,**  PhiUips*s 

*'Pal(cozoic  Fossils  of  Devon,'*  &c.,  and  the  first  vol.  of  the  "  Mem.  Geol. 

Survey  ;  "  and  Sir  R.  Murchison^s  "  ^Auna.:* 
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and  lias,  and  passes  from  High  Teesdale  to  the  confines  of  the  eastern 
coast;  a  distance  of  upwards  of  sixty  miles. 

In  Derbynhire,  a  trap-rock,  iri  many  parts  amygdaloidal,  and  which, 
from  being  mottled  with  green  and  yellow,  has  received  from  the  miners 
the  name  of  toad-atoru,  is  interpolated  between  the  beds  of  mountain- 
limestone  of  that  country,  under  circumstances  of  considerable  interest.* 

These  phenomena  can  nowhere  be  studied  with  more  adrantage  than 
in  the  neighbourhood  of  Matlock,  which  is  a  region  of  carboniferous  lime- 
stone, broken  up  and  trareraed  by  volcanic  rocks. 

The  trap-rock  of  Derbyshire  was  evidently  erupted  in  a  state  of  fusion 
from  some  very  deep-seated  source  of  intense  heat,  and  intruded  be- 
tveen  the  limestone-beds  in  three  principal  currents,  now  appearing 
as  alternations  of  trap-rock  with  sedimentary  strata,  but  which,  there  is 
eroy  reason  to  believe,  sprung  from  one  common  source,  and  are  lateral 
protmsions  from  the  great  mass  of  igneous  matter.  The  toctdstone  is  a 
hard  rock,  consisting  of  small  nodules  of  white  and  yellow  calcareous 
spar  and  green  earth,  imbedded  in  a  dark  greenish  paste  of  basalt. 
Sometimes  the  nodules  are  decomposed,  and  the  stone  is  then  vesicular 
or  cellular,  resembling  porous  lava.  The  thickness  of  each  of  the  three 
distinct  beds  of  this  ancient  subterranean  lava-current  interpolated  in 
the  mountain-limestone  of  this  district  varies  from  sixty  to  eighty  feet.  In 
some  instances,  dykes  of  toadstone  traverse  the  metalliferous  veins,  and 
a  manifest  alteration  is  then  observable  in  the  nature  of  the  latter. f 

In  some  places  the  elevatory  movements  have  torn  the  rocks  asunder  ; 
in  others  the  strata  have  partially  resisted  the  expansive  effect  of  the 
enipted  Uva,  and  are  now  in  a  dome-shaped  or  arched  position,  and  more 
or  leas  bent  and  folded. 

Cridi  Hill,  near  Matlock  affords  a  highly  interesting  illustration  of 
this  effect  of  igneous  action.  It  is  a  dome-shaped  hill  of  mouutain-lime- 
itoiie,  800  feet  high,  consisting  of  arched  strata,  enfolding  a  central  mass 
of  trap.  This  dome  of  limestone  has  been  forced  up  through  the  unce 
•nperincnmbent  strata  of  millstone-grit,  which  now  form  a  broken  and 
hi^y  inclined  wall  around  it.     Such  is  Crich  Hill,  a  stupendous  monu- 

*  See  Mr.  W.  Hopkins's  **  Remarks  on  Mr.  Farey's  Account  of  the 
Stiitification  of  the  Limestone  District  of  Derbyshire,"  Phil.  Mag.  3rd 

KT.  TOL  T.  p.  121. 

t  In  the  cavern  at  the  base  of  the  High  Tor  in  Matlock  Dale,  a  bed  of 
toidatcme  is  seen  on  the  floor,  beneath  the  limestone-strata  of  which  the 
diff  If  composed,  and  may  be  traced  across  the  river  to  the  opposite 
CKupment  of  Masson's  Hill,  where  it  is  exposed  on  the  road-side.  See 
UedaU  of  Creation,  toI.  H.  p.  B76, 
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ment  of  one  of  the  post  revolutions  of  the  globe, — with  its  arches  of  rifted 
rock  teeming  with  mineral  Teins,  and  resting  on  a  central  mound  of 
molten  rock  now  cooled  down  into  an  amorphous  mass  of  compact 
basalt.* 

A  dyke  of  the  volcanic  rock  called  green-stone,  in  some  places  eighteen 
yards  wide,  and  which  has  been  traced  nearly  seventy  miles,  traverses  the 
Newcastle  coal-measures  on  Cockfield-fell.  The  coal  at  the  distance  of 
fifty  yards  from  the  dyke  is  altered  in  its  character,  and  near  its  contact 
with  the  erupted  mass  is  reduced  to  half-burnt  cinder  and  sooty  coaly 
matter.  Wherever  trap  traverses  coal-deposits,  more  or  less  change  is 
always  observable  in  the  carbonaceous  materials. 

18.  Faults  in  the  Coal-measuees. — In  illustration 
of  the  displacements  called  faults,  in  carboniferous  strata, 

Barrow  I.iU, 
6U0feet. 


Cool.  S  Trap-rock.  Goal. 

LIGN.  IGO.— ERUPTED  TRAP-ROCK,  IN  THE  DUDLEY  COAL-FIKLD. 
(.Sir  R.  I.  Murchiton't  Sil,  'yst.  pi,  37, Jig.  1.) 
a,  a,  Alluvial  soil. 

1.  Erupted  Trap-rock. 

2,  2-  Coal-measures. 

3.  Barrow  Fault :  upcast  of  90  yards. 

4,  4.  Coal,  charred  and  altered  flrom  contact  with  the  Trap. 

I  shall  select  a  remarkable  one  that  occurs  in  the  Dudley" 
Coal-field,  near  Barrow  Hill  (Lign.  160).  The  central  mass 
of  erupted  trap  that  occasioned  the  dislocation  rises  to  the? 
surface,  and  forms  the  summit  of  Barrow  Hill,  which  has 
an  elevation  of  about  600  feet.  The  displacements  of  the 
strata  on  each  side  of  the  volcanic  rock  have  produced  two 
lines  of  fault :  and  the  coal  in  contact  with  the  igneous  rock, 
as  is  usual  under  such  circumstances,  is  charred,  and  deprived 
of  its  bituminous  quality. 

*  See  Medals  of  Creation,  p.  890. 
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lln  tke  principal  faulty  the  coal-beds  are  rent  asunder  to 
an  extent  of  140  yards  ;  and  in  the  part  repreaented  in  the 
sketch  (Z?^7i,  161),  tlie  erupted  mass  (6)  has  upcast  the 
strata  on  the  south-east  ninety  yards  (a)  ;  the  aides  of 
the  fissure  being  inclined  from  eighty  to  ninety  degrees  ;  thus 
the  group  of  strata,  a,  d,  which  y^evo  origin  ally  continuous  and 


Tnipn 
LIQK.  lei-— 8r!CTinS'  OF  A  FAULT  IS  TTTE  DVULET  GOAL-FlEldJ,  SEAR 

r, I, ^rbonlfehoiu itnta ;  the  l^ditck  13 n?  dnnPTei;  fhp  inain  hvA  ttt  coel;  ^^  Intru^E-d  Trap; 
*t  tlift  ypwKTd  iwLftt  of  tbf]  bod  at  eaiL  d,  wh^jr^  in  conrart  wLLh.  tbe  Tr^ii-tlLlfcu. 

orizontalj  have  been  separated,  and  the  edges  of  the  lower 
portion  twisted  upwards,  as  is  shown  at  e,  by  the  intruded 
trap.  Tliese  carboniferous  strata  are  superimposed  on  red 
conglomerate.  We  shall  have  again  occasion  to  notife  the 
diepkccments  in  the  Dudley  Coal-fielJ,  when  treating  of  the 
tmppean  ridges  of  that  part  of  England. 

The  faults  and  Jislacations  of  tli©  strata  are  ho  Duraprous  in  many  coal- 
sJfJ*,  that  they  have  heen  very  aptly  compered  by  Dt*  BnrklAiid  to  a 
lldMfed  sheet  of  ice  : — *'  If  we  suppose  a  ihick  sheet  of  ice  to  be  broken 
ttito  fmgmenta^of  itre^kr  area,  and  these  fragments  again  united  after 
fMdvmg^  a  slight  decree  of  irre^lax  indination  to  Ihe  plane  of  the  ori- 
imaL  shi>ett  the  leunited  fraf^entn  of  ice  will  represent  the  appearance 
U  the  brnken  masat^a  or  liheeta  of  coal -measures.     The  in  itjf  veiling  ^oc- 
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tiona  of  more  recent  ice,  by  which  they  are  held  together,  reprewDt  the 
cUy  and  rubbish  that  fill  the  fiialts,  and  form  the  partition-walls  that  in- 
sulate these  adjacent  portions  of  strata,  which  were  originally  formed 
like  the  sheet  of  ice,  in  one  continuous  plane."* 

There  is  a  circumstance  connected  with  the  upheaval 
and  disruption  of  the  carboniferous  strata,  and  which  is 
also  observable  in  other  loosely  aggregated  deposits,  that 
demands  attention.  However  great  the  uprise  or  downcast 
of  the  rocks  on  one  side  of  a  fault,  it  is  seldom  that  there 
are  any  external  indications  of  the  displacement  visible ;  as 
for  example  in  the  fault  of  Barrow  above  sketched  (JJigni,  160 
and  161)  .f  The  removal  of  the  upraised  masses  has  possibly, 
in  some  instances,  been  occasioned  by  debacles  or  floads  of 
water  that  have  swept  over  the  surface  of  the  country ;  but 
in  those  cases  in  which  the  elevated  strata  were  of  great  ex- 
tent, and  the  displacement  involved  large  areas,  it  is  probable 
that  the  removal  was  effected  by  the  action  of  the  sea,  when 
the  rocks  were  first  dislocated  and  forced  upwards,  and 
before  they  emerged  above  the  waters.  In  other  instances, 
the  disintegration  may  have  taken  place  during  their  gradual 
elevation,  in  like  manner  as  the  removal  of  the  Chalk,  and 
the  denudation  of  the  underlying  Wealden  of  the  south-east 
of  England,  were  produced.     (See  above,  vol.  i.  p.  371.) 

19.     GE0GEA.PHICAL     DISTRIBUTION    OF   THE    COAL-MEA- 

8UEE8. — Although  the  geological  map  {Plate  I.  p.  474)  is 
on  a  small  scale,  it  will  serve  to  convey  a  general  idea  of  the 
geographical  position  of  the  areas  occupied  by  the  Carboni- 
ferous strata  of  England.  The  principal  coal-basins  are  those 
of  Somersetshire,  Gloucestershire,  North  and  South  Wales, 

*  Bridgcwater  Treatise,  p.  543. 

t  Mr.  Bakewell  has  treated  this  subject  with  great  ability :  see  chap 
ix.  "  On  the  general  removal  and  disappearance  of  the  coal-strata,  raiset 
by  faults  above  the  surface  of  the  %to\m6."— Introduction  to  Geology^h^ 
edit.  p.  200. 
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Dudley,  Shropshire,  Leicestershire,  Lancashire,  Nottingham, 
Derbyshire,  Yorkshire,  Cumberland,  Durham,  and  New- 
aatle.  In  Scotland,  we  have  those  of  the  Forth  and  Clyde- 
Pbe  central  districts  of  Ireland  have  extensive  coal-depositB ; 
(Ot  by  far  the  greater  part  of  the  coal  of  Ireland  is  anthra* 
Jtic :  there  are  aeveral  coaUhasins  exclusivelj  of  this  mineral 
a  five  or  six  connties  in  the  sonth  of  the  Island. 

On  the  Continent,  coal^  with  limes  tones  and  conglomerates, 
U  some  instances  resembling,  in  others  diftering  from,  the 
SngliBh  strata,  occur  in  France,  near  Boulogne,*  Mons,  and 
tt.  Etienne  ;  in  Belgium,  at  Namur  and  Liege ;  t  in  Ger- 
mnjj  Silesia,  Moravia,  Poland,  and  in  the  Carpathian 
iountains.  The  Mountain -lime  stone  tract  along  the  Meuse, 
a  tlie  Netherlands,  resembles  that  of  Derby aWre  and  Mon- 
loatlisihire,  and  is  of  the  same  age  ;  and  the  scenery  to  which 
t  gives  rise  will  remind  the  English  traveller  of  the  banks 
f  the  Derwent  or  the  Wye. 

In  Germany  ^  two  great  coal-bearing  series  of  rocks  of 
dffiozoic  age  are  recognised.  The  lower  of  these  is  tha 
TouBi^er  Granwacke  **  of  the  Overmans,  called  also  the 
Flmtzleerer  Sandstein,"  and  is  equivalent  probably  to  the 
lUlstone-gritj  the  culm  series  of  Devon,  and  some  part  of 
18  Scottish  coal-measures.  The  upper  series  often  rests 
actMiformable  on  the  other,  and  is  knovirn  as  the  "  Stein- 
oKlen^formatlon,"  and  represeuta  the  English  coal-fieldg, 
lie  Mountain-lime  a  tone  is  termed  "  Berg-kalk  '*  in  Ger- 
lurnj,  and  is  divisible  into,  1st,  schists,  full  of  Fosidonom^m^ 
«ujh  m  ara  fonnd  also  in  Devonshire  and  South  Scotland ; 
hid,  Prod uctns4ime stones  j  3rd,  silicions  flagatones,  or 
"Ki^elsehiefer." 

'  See  Mr*  Godwiti-AtJstDn'a  Memoirs,  Quart.  Joam.  Geol.  Soc.,  vol,  li. 
Mtiiid  vol.  ii.  p,  231. 

t  S<c  Jouro,  GeoL  Soc»,  toI.  xlL  pp.  47  and  252, 

%  See  Gemili*!!  *'  SleinJLoblefi-FiJrrnat.  Sachsen  j ''  and  MurcKiaon  and 
Momfi, "  On  the  Palccfl^oic  Rocks  oi  Tkuringia/"  &c,,  Quan.  Cieo\.  5ovs^!tv. 
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In  many  parts  of  France  and  Germany  there  are  isolated 
patches  of  coal-strata,  entirely  free  from  marine  fossils,  and 
*  reposing  on  granite  'and  other  hypogene  rocks :  they  are, 
however,  confined  to  small  areas  :  as  in  the  Department  of 
the  Loire,  at  Brassac  in  Silesia,  and  many  other  places.  AH 
these  deposits  appear  to  have  been  formed  in  lakes,  existing 
on  land-areas  skirted  by  the  sea  in  which  the  Mountain- 
limestone  was  deposited.* 

In  Central  France,  the  rocks  that  constitute  the  eastern 
boundary  of  the  Limagne  d'Auvergne  are  referable  to  the 
Carboniferous  period,  and  present  phenomena  of  a  highly 
interesting  character,  which  were  first  pointed  out  by  Sir 
R.  Murchison  in  a  memoir  "  On  the  Slaty  Rocks  of  the 
Sichon.''  t 

The  mineral  structure  of  the  schists  of  the  Sichon,  their  purple, 
plum-colonred  exterior,  and  their  fracture,  combined  with  the  aspect  of 
the  sandstones,  grits,  and  conglomerates,  give  them  a  character  from 
which  few  geologists  would  hesitate  to  assign  them  to  the  greywacke, 
or  most  ancient  Silurian  or  Cambrian  deposits.  But  Sir  R.  Murchison,  in 
1851,  obtained  fossils  J  which  prove  that  these  rocks  belong  to  the  Car- 
boniferous series:  the  intrusive  porphyries  of  this  tract  having  been 
erupted  after  their  deposition.  Many  of  the  beds  of  the  coal-field  of  St 
Eloy,  near  Montaigne,  are  made  up  of  the  detritus  of  still  older  schists  and 
their  quartz  veins.  Sir  R.  Murchison  could  not  positively  determine 
whether  this  coal-tract,  as  well  as  other  numerous  little  coal-deposits 
that  extend  along  the  western  side  of  the  Mont  Dor  into  the  Cantal,  are 
not  of  the  same  date  as  the  carboniferous  schists  of  the  Sichon ;  but  b* 
is  inclined  to  think  them  an  upper  member  of  the  same  group.  At  all 
events,  the  highly  dislocated  positions  of  the  former,  and  the  manner  U^ 
which  they  are  wedged  in  among  more  ancient  rocks,  indicate  that  tbfl 
great  porphyritic  eruptions  above  alluded  to  took  place  subsequently  to 
their  accumulation. 

From  this  occurrence  of  Mountain-limestone  fossils  in  strata  of  suC* 

*  For  an  admirable  exposition  of  the  relative  positions  of  land  &v^ 
water  during  the  coal-period,  see  Mr.  Godwin-Austen's  Memoir,  in  tl* 
Qiiart.  Journ.  Geol.  Soc.  vol.  ix.  p.  57,  &c.  See  also  *'  Sil.  Syst.**  p.  148- 

t  Journ.  Geol.  Soc,  vol.  vii.  p.  5,  &c. 

;  Chonetes,  Phillipsia,  Orthis,  Productus,  &c.,  of  CatboniffaroU 
species. 


CARBOKIFEKOU8  SYiTEM  OP  NORTH  AMERICA.  i^-^ 

^  Mliqqe  crygtalUne  aspect j  and  which  are  highly  dislocated  and  in- 
dined,  and  are  oTerlaid  unconformably  by  certain  coiit-pKlds  of  France, 
il  La  ei^ident  that  there  raiia;  have  been  a  powerful  disruption  of  the  older 
uiff]ubers  of  llie  Carboniferons — ibe  Mounlain-limeRtone  with  Uh  sU^\v& 
uh!  sandstones— before  the  superimposed  coal -bearing  deposit  a  were  ac* 
tnmulaled.  This  fact  m  of  the  highest  iinpoitance  in  a  palfeumologicaj 
perot  of  Yiew,  since  it  proves  that  the  distribution  of  atiituftl  life  and  the 
cb^nobgy  of  ancient  races  do  not  necessarily  accord  with  the  furmer 
jlpk^  revolutiona  of  the  eartlj'ii  surface.  This  phenomenon  is  in  nc- 
eoriince  with  that  complete  and  absolute  change  in  the  zoology  of  the 
Pmnian  and  the  Trias,  although  tliese  deposits  present  scarcely  any 
irk]ein?&  of  mutual  uncuuforraability.  Ou  the  other  hand,  whilst  many 
of  ihe  Permian  ProducH  approach  closely  to  Carbon iferous  lypea,  tJaere 
baa  been  in  many  coun tries  a  great  break  between  these  tw^o  latter  de- 
P&j(ks.  In  Britain  there  has  be  tin  no  general  severance  between  thu  lower 
and  npper  memhers  of  the  Carboniferous  sei'iea,  and  hence  w^e  possess  a 
my  full  and  copious  development  of  all  its  middle  portion-* 


In  Silesia  and  Poland  the  coal -measures  are  mterstratiiied 
with  sliales  and  sandstones  wKieh  overlie  tbe  Mountain- 
limestone,  S3  in  England  and  Belgium  ;  but  in  tbe  I?u8sian 
Empire  the  productive  coal-beds  are  situated  in  tbe  Moun- 
tain-lime stone  j  and  are  unquestionably  fluvio-marine  j  for 
through  a  thickness  of  eight  hundred  feet,  limestones,  grits, 
;  and  ibales,  abounding:  in  marine  sheila,  alternate  with  beds 
I  d  coal,  accumulated  apparently  by  dril^tage. 

In  the  coal-field  of  Tudela  in  Asturia,  Spain,  there  are 
letfteen  twenty  and  thirty  seams  of  coal.  The  beds  are 
thrown  up  into  a  nearly  vertical  position,  at  an  angle  of 
about  8Cf  with  tbe  horizon.  The  itrata  constitute  a  hill 
ibout  400  feet  high,  and  stretching  from  east  to  west  a  mile, 
4ad  a  half  from  north  to  south. 

20.  CAaBO^^I^E^lous  ststem  of  Nobth  America, — In 
North  xVm erica,  the  Carboniferous  system  ia  largely  de- 
Telo|>ed,  and  has  been  ably  illustrated  by  Professors  Silli- 
nmii,  Eaton,  Hitchcock,  llogera,  Owen,  and  other  geologists* 
Tlie  Btone-coaJ,  or  Anthracite,  of  Pennsylvania  is  associate  J 

*  Op,  dt.  p>  8. 
2  z. 
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with  conglomerates,  sandstones,  and  argillaceous  shale ;  and 
the  conglomerates  are  composed  of  quartz-pebbles  like  those 
of  our  Old  Bed  Sandstone.  Deposits  of  anthracite  exist  in 
Worcester  and  in  Bhode  Island,  of  which  an  admirable  ac- 
count has  been  published  by  Professor  Silliman. 

Extensive  coal-fields  are  found  to  the  west  of  the  Alle- 
ghany Mountains,  towards  the  Mississippi ;  and  the  base  of 
the  whole  extent  of  the  plain  of  that  mighty  river  appears 
to  be  Carboniferous  Limestone,  the  strata  of  which  rest 
against  the  Alleghany  Mountains  on  the  east,  underlie  the 
sand-plains  on  the  west,  and,  with  the  lower  palaeozoic  rocks, 
are  upturned  on  the  flanks  of  the  Eocky  Mountains  at  Fort 
Laramie.*  The  uppermost  layer  of  the  Mountain-limestone 
supports  strata  of  bituminous  coal  and  shale.  Iron-stone 
abounds  in  these  deposits ;  and  mines  of  lead  occur  over  a 
district  of  two  hundred  square  miles,  in  the  States  of  Mis- 
souri and  Illinois.!  The  principal  coal-fields  in  the  United 
States  are  the  Appalachian,  the  Illinois,  the  Arkansas,  and 
the  Michigan  ;  the  Appalachian,  with  a  computed  superficial 
area  of  63,000  square  miles,  is  726  miles  long,  and  in  many 
parts  180  wide,  exclusive  of  detached  anthracitic  basins  to 
the  eastward  :  the  Great  "Western,  or  Illinois, {  is  much  more 
extensive,  and  has  an  area  as  large  as  England. 

The  Appalachian  coal-field,  before  its  original  limits  were 
reduced  by  denudation,  is  computed  to  have  been  900  miles 
long  and  200  wide.  The  thickness  of  the  Carboniferous 
strata  in  Virginia  and  Western  Pennsylvania  exceeds  3000 
feet.§  A  large  portion  of  the  coal  is  in  the  state  of  anthro' 
cite,  or  stone-coal,  generally  resulting  from  the  influence  of 
subterranean  high  temperature  at  former  periods.  For  the 
most  part,  the  bituminous  coal  is  that  which  is  farthest  re- 

*  Marcou's  Geol.  Map.        f  Smart's  Travels  in  the  United  States. 
t  Dale  Owen's  Geol.  Survey  of  Wisconsin,  Iowa,  &c. ;  Lyell  and  Hall* 
Report  on  tlie  New  York  Exhibition, 
jf  Professor  H.  D.  Rogers*  Address,  May,  1844. 


moved  from  the  aiis  of  the  greatest  disturbiince,  and  where 
the  fit  rat  a  have  suffered  the  last  diaplacement*  In  the  coal- 
fields where  t\ie  boldeafc  flexures  of  the  Appalachian  cham 
oecur,  and  the  strata  have  actually  heen  oYerturned,  as  near 
PottaviUe,  the  C43al  ia  invariably  changed  into  anthracite.* 

The  CarbcniferotiB  system  of  the  United  States  preseaU  all  the  essential 
characters  of  that  of  England.  The  coal-iielda  are  rich  in  iron-ores; 
*ind  the  aame  prevalence  of  SUpnariiS  in  the  undercUvy  of  the  coiil-beda 
occufs  aa  consUintly  as  in  the  European  coal-fields-  Thu3  in  the  coal- 
mines of  Blossberg,  Pennsylvania,  ihe  underdays  contain  Sttgnmriffi  with 
tbeii  rootletiS  extendit]^  in  all  dircctioDSt  as  in  the  nnderclays  of  the  Welsh 
c^OftKineaaurea  3DO0  mdes  distant.f  At  PoUavilte,  where  the  cod -strata 
ifeTerlical  and  wurked  in  the  open  air,  the  same  phenometion  appenra. 
Severnl  of  the  coal-scHma,  from  eight  to  ten  feet  tluckj  having  been  re- 
me^ed,  a  void  apace  was  left,  and  in  the  wall  on  one  side,  corresponding 

_  LD  the  roof,  were  shales  fnll  of  ferns,  le^jidodetidra,  calamileia,  &c. ;  while 
lie  other  side  of  the  trench  was  formed  of  the  underclay,  abounding  in 
Higmaria?.  These  phenomena  lead  to  conclusions  respecting  the  origin  of 
J  from  plants  not  drilted,  but  growing  on  the  spot.  But  throughout  soma 

Fof  the  beds  of  nnderclay  leaves  of  forri  are  plentiful ty  dispersed,  though 
die  StigmarLEe  are  apparently  imbedded  in  their  natural  position,  f 
Limestone  of  marine  origin  is  more  common  in  ihe  American  coal-fields 
Ikain  those  of  England  ;  and  at  Frostbiirgl  a  bed  of  black  bituminous 
shale,  ten  or  twelve  feet  thick,  full  of  marine  shells.  Is  interstratified  with 
the  coal. 

The  Mountain-liTneatone  is  thin  under  the  Appalaehian  or 

llleghany  coal-field ;  and  in  Pennaylvania  it  is  represented  hy 

ahale  and  sandstone,  %Yith  thin  liineatones,  and  yielding 

billable  carhonatea  of  iron ;   it  is  thicker  to  the  south  and 

I,  aometimes  dolomitie,  and  ie  occasionally  (Southern 

ttinois)  rich  with  lead- ores. 

In  Kova  Scotia  and  Cape  Breton,  the  Carboniferous  form- 

18  composed  of  (1,)  an  npper  and  (2.)  ^  lower  aerie  a 


'  See  the  section  of  the  country  between  the  Atlantic  and  the  Missia- 

pl,  through  the  AUeghaniea,  in   Lyclfs  Travels  in  North   America, 

,  u  p.  92 :  anrJ  the  admirable  geoloffical  map  of  the  United  States, 

P  Plot  IL  D.  Rogers,  in  Keiih  Johnson's  "  Physical  Atlas/* 

1 1  Lydl,  Ibid.  pp.  02  and  8  i.       t  Ihid.  vol  ii.  p,  18.       \  1^\4.  ^,  \^ 

2z  2 
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of  coal-measures,  and  (3.)  the  Carboniferous  Limestone,  as- 
sociated with  gypsum,  marls,  and  sandstones.* 

The  Carboniferous  Limestone  has  also  been  recognised  in 
the  Arctic  EegionSjt  South  America, J  Nwthem  India,§  and 
probably  in  Australia. || 

Coal  of  New  Zealand. — The  coal  found  in  the  north  and 
middle  Islands  of  New  Zealand  is  lignite,  more  or  less  com- 
pact, and  referable  to  tertiary  formations,  according  to  the 
observations  of  Dr.  Dieffenbach,  Mr.  Walter  Mantell,  Dr. 
C.  Forbes,  and  others.    But,  according  to  a  communication 
from  Mr.  William  Lyon  to  the  author,  coal  of  a  more  an- 
cient period  exists  about  thirty  miles  from  Christchurch,  in 
the  valley  of  the  Selwyn.     The  Canterbury  district,  from 
Timaru    to  Waipara,   is  in   many  places   bordered  by  a 
series  of  low  undulating  downs,  resting  upon  the  rugged 
ancient  rocks  which  form  the  vast  boundary-line   of  the 
settlement.     It  is  in  that  portion  of  these  downs  known  as 
the  Malvern  Hills  that  the  coal-formation  occurs.      It  con- 
sists of  the  usual  series  of  limestones,  sandstones,  clays  more 
or  less  indurated  and  laminated,  bituminous  shales,  seams  of 
coal  and  clay,  ironstone,  &c.,  which  usually  constitute  the 
coal-measures.     The  limestone  is  the  highest  bed  seen  crop- 
ping out ;  it  is  fossiliferous,  of  a  superior  quality,  and  at  least 
sixty  feet  in  thickness ;  separated  from  this  by  sandstones 
and  shales,  lies  the  main  seam  of  coal ;  the  first  seam  is 
four ;  the  one  beneath,  six  feet  in  thickness.     The  associ- 
ated rocks  contain  seams  of  clay-ironstone,  one  of  them 
abounding  iu  fresh-water  shells — unicnes  (?).  The  laminated 
clays  and  shales  contain  impressions  of  stems  and  leaves 

« 
*  See  Prof.  Dawson's  **  Acadian  Geology,"  1855. 

t  Sir  E.  Belcher,  "Arctic  Voyage,'*  1855;  Appendix. 

X  A.  D'Orbigny,  Voyage  dans  I'Amer.  Merid.  vol.  iii.  p.  231. 

§  Dr.  A.  Fleming,  Quart.  Joum.  Geol.  Soc.  vol.  ix.  p.  293. 

//  See  the  Works  of  Strze\eck\,'DaiVMi,5\\\8Lft^,WOi^^  Clarke,  Stulch- 

bury,  dc. 
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of  fief ne,  apparently  of  the  genera  Feaopferk  and  Spkenop^ 

(ms. 
2L  Ohgakio  eemaiks  of  the  Caebonmfehous  System. 

—The  fosaila  entombed  m  the&e  deposits  comprise  numeroua 
genera  and  species.  The  animal  renmina  are  principally 
found  in  the  calcareons  and  arenaceous  strata,  and  are  relbr* 
ible  to  zoophyta,  radiaria,  crustaceu,  mollusca,  and  fishes : 

ad  numerotis  no  doubted  relics  of  the  reptiliao  order  have 
en  discovered.  The  vegetable  fossils,  besides  constituting 
the  entire  mass  of  the  coal,  anthracite,  &c.,  are  thickly  in- 
berepersed  in  the  shales,  grits,  and  other  intervening  deposits. 
The  shells  in  the  skalcs  of  the  coal-measures  are  generally 
such  as  are  now  represented  by  species  living  in  fresh  or 
e^tuarine  waters;  that  is,  ibrms  related  to  the  Unio,  Myti- 
lus,  &c.  1  bnt  there  are  intercalated  beds  of  marine  shells  in 
some  localities ;  as,  for  exam  pie,  in  Coalbrook  Dale.  In  the 
northward  extension  of  the  Monnta  in -lime  stone  of  Britain, 
there  are  intercalations  of  fresh -water  deposits  aniong  the 
limestones  and  shales  which  are  full  of  marine  sheila  ;  and 
ieme  of  the  carboniferous  deposits  of  Linlithgowshire  are 
wid  to  be  traceable  from  the  fresh- water  into  the  marine 
condition.* 

But  the  grand  feature s  of  the  Carboniferous  system  are 
the  immense  accumulations  of  the  early  vegetation  of  our 
globe,  presenting  to  us,  in  the  most  legible  and  striking 
cWractera,  the  peculiar  flora  of  the  remote  epoch  in  which 
tliese  deposits  were  produced.  To  obtain  any  satisfactory 
femita  from  an  examination  of  these  remains,  some  know- 

i 

^H  •  Mr,  A.  Taylor  ejtbibited  and  explained  before  (he  Royal  Phyisical 
^Bocieiy  of  Editiburgli,  Januayy  2h,  lB57,a  section  in  ihe  BaLbgsUc  Hills, 
from  Deuhmont  Lawa  to  Balbardie  House,  in  whith  a  linieslO[iB»  can- 
(Miiiijig  fresh-water  fossils,  and  equivalent  :o  the  one  ucrkcd  at  Burdie 
Htitiae,  is  seen  gFJidimlly  to  merge  into  another  limestone,  containing 
raAfine  (o9sl\e,  wliich  is  usually  recognisied  as  the  lowest  bed  of  the  Ciir- 
iHiniferoiia  series. -^^rf*»*.  3>«?  I^Ail  Jowm,  new  set.  xo\.  \\.  ^.  \yb* 
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ferentty  arranged  in  tLe  grand  claises  of  tlie  vegetable  king* 
dom.*  In  the  moat  simple  fp"oiip,  the  ceUularei,  called  also 
tb  aeofifhdofies,  from  the  absence  of  c&t^hthne^  or  seed-lobes, 
the  tmae  is  who  11  j  cellular,  the  cells  being  nearly  of  equal 
Bize  and  conabtence  i  mosaea,  lichena,  sea-weeds,  fungi,  *fec., 
ape  examples.  Theae  plants  have  no  flowerB,  and  hence  are 
named  cr^pta^amia.  The  vegetables  belonging  to  the  other 
great  class  are  termed  i?ascuhres,  from  their  cellular  tissue 
hmg  more  complex,  and  assnming  the  structure  of  tubes 
UmI  vessels  ;  and  phanerogamic^  trom  their  bearing  flowers. 
Tieir  tissue  is  composed  of  cells  of  various  sizes  and  forms, 
md  of  straight  aud  spiral  tubes.  This  class  is  subdivided 
inta  two  families^  viz.  the  jnomocotj^ledQiwus,  so  named  from 
tkseed  having  but  one  fleshy  lohe^  or  c&t^ledon  {Lign^  1(52, 
/y.  5),  as  the  onion,  lllyj  &c.^  and  whicb  are  also  called  im- 
idgtnov^  (jroivin^  from  within}^  because  lucrease  takes  place 
ftom  the  innermost  part  of  the  stem ;  and  the  dicot^hdonous^ 
wtoae  seeds  have  two  lobes  if^*  4),  as  the  bean,  almond, 
&€.;  thes^are  likewise  termed  e^enoug^itom  the  new  mat- 
te? being  added  externally  to  the  old  layers,  and  thus  form- 
ing annual  circles  of  increase,  as  in  the  oak,  elm,  &e-  {fig.  8). 
A  transverse  section  of  the  mouocotyledonous  stems  (as  the 
cime,  palm,  &c.)  presents,  therefore,  openings  of  tubes, 
ibich  are  condensed  towards  the  outer  surface  {fig,  7)  j 
while  that  of  the  dicotyledonous  exhibits  annular  lines  of 
gftjwtb,  with  diverging  rays  and  a  central  pith  (Jig.  8) ;  the 

ttmre  in  particular  parts,  acquires  the  peculiar  form  whicli  chamcterixes 
ik  lexture  to  be  fabriuated.  The  c^emico.)  compasiUon  of  ibia  elemeat- 
iiy  structure  1%  idimticai  with  s larch.  In  every  vegjetable,  whether  the 
04fc  or  the  funpia^  Ihia  primitive  fnembrane  presents  the  same  character  j 
tad  all  the  beautiful  and  apparently  eompUcAled  tissues  of  vegetables  are 
but  modi&catioaa  and  expansions  of  the«;e  sinipte  elcnaeatary  nucleated  * 
resides. 

•  See  Pict.  Atlas,  Snpplem.  NoteSi  p*  175,  &c.,  for  a  sketch  of  the 
K\aSUitj  of  Fossil  BoUny,  with  an  outline  ^f  Ad.  Bronnniart's  Cla-isiftcatiun 
«rFoittl  Pbnls,  deriv^  from  the  "  mm.  Mus.  Nat-  Hut"  l^l'l- 
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latter  diameter  is  of  peculiar  importance,  because  all 
other  classes  are  destitute  of  a  ceotral  cellular  column. 

In  some  groups  of  dicotyledonous  trees  the  elongated  c=s 
or  wood-fibres,  are  studded  with  minute  pits  or  trauspa-j 
spot  a  {J^g.  6)  ;  and  this  ia  particularly  the  case  in  the  O: 
fertd,  or  cone-leanng  trees  ;  so  called  from  the  fruit  beioj 


I 


Liow.  iffj.— :M,vBTnATjM\ft  uw  rEUETAQLi:  am  C CTUlir* 
Fiff<  1.    OpDU  itpeliDti  of  ft  tohkferout  tree,  thowliiff  Ihp  cvncf^ntric  q>nd  radiatr<E  «troi:itiT«. 

Tion^hudViuU  HcikAi  of  two  lltnviDr  u  AninArls,  tUvfal^  in«imt&«4  tft  ifcftirtt 

4-  A  dkucjIrdDiiuui  icfd  aplit  open  ^  iht  (;«Tm  1ft  »4»0i  In  the  Qi|[ldl^- 

A.  E«Fri(Hi  of  t.  luanoeotjledQnQtis  mM*6^  wf  th  lli<?  if?rm  li«1ow- 
a  tlottHl  fllim  of  conffi^niui  waod- 
7.  Traimr  er*e  Hctlon  of  n  monocoi  j  Irdouout  ilrm. 

B.  TratiAviihiM  Hctioa  of  m  dicotyleAoiiDUi  tM*,  iIu}w1d<  c^centnE  cJ:nl»p  «Bd«Ul 

//je  /orm  of  a  cone,  as  in  the  pine,  fir,  &c.     TninsTerse  se 
tioriB  o£  the  stems  of  tbe&e  ttec^  aUo\s  \.\ietou^v\tviclayei 
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^^r  ntmular  rmga^  and  radiated  struettire  peciLliar  to  the  di' 
cotyledonous  class.  All  the  trees  of  this  order  secrete  resin, 
hnve  branched  trunks,  and  linear,  rigid,  entire  leaves  :  species 
are  found  in  the  coldest  a&  well  as  in  the  hottest  regions.  In 
this  magnified  view  of  a  slice  of  the  coramon  fir  (Ji^.  2),  the 
pits  are  seen  to  be  arranged  in  double  parallel  lines.  In  a 
lieinarkable  family  of  piueSj  ttie  AraucariiB,  these  little  spots 
are  placed  alternately,  and  sonietiaies  iu  triple  rows.  The 
Aramarm  ia  a  native  of  and  peculiar  to  Norfolk  Island,  in 
the  South  Pacific,     This  small  island,  which  is  only  about . 

fifteen  miles  in  circumference,  presents  a  scene  of  the  most! 

biuriant  Yegetation,  and  abouiida  with  this  particular  group 

ofpioes,  iome  of  which  attain  a  height  of  two  hundred  feet, 

and  a  circumference  of  thirty, 
la  the  Boyal  Botanic  Gbrden  of  the  Uniyersity  of  Breslau 

is  a  fossil  stem  of  the  F mites  protolarij!  (from  the  Brown- 
I  ^  of  Laasan  in  Silesia),  which  is  thirty-six:  feet  in  circum- 
!  tereaec,  which  is  reputed  tu  have  possessed  between  4000 

and  5000  annual  rings  !  (Goeppert.    fciee  p.  671),   The  living 

^eUitifftonia  or  Beqtmu  gigantea  has  a  height  of  three  bun* 
i^dred  feet,  and  a  diameter  of  from  twenty  to  thirty  feet. 

Eren  in  the  foliage  of  the  different  families  of  plants,  there 
'  ai^  suck  ohviona  diatinctiTe  characters  that  the  botanist  can 
I  «fen  from  a  mere  fragment  of  a  leaf  detect  the  dicotyledo- 

iiOMs  structure  in  the  reticulated  nervation  of  a  leaf,  as  in 
I  tbt  of  the  oak  •  and  the  monoeotyledonoua,  in  the  smooth 
I  parallel  veins  in  that  of  the  lily.  The  application  of  these 
||rmeiplea  to  the  investigation  of  the  fossil  remains  of  vege- 
Itablea  we  may  now  consider. 

!3,  Cltmatb  Airn  Seasoks  ikdicateb  by  Fobsil 
'  Tfoon.— In  the  course  of  these  Lectures,  it  has  heen  de- 
mOQstrated  how,  by  a  knowledge  of  comparative  anatomy, 
tbe  form,  structure,  and  economy  of  beings  long  since  ob- 
iiierated  from  the  face  of  the  earth  may  with  certainty 
Iw  detcrniinecl ;  iu  like  mauner^  by  the  aid  dmve^  ^^om  ^ 
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few  botanical  principles,  we  may  not  only  discover  the  form 
and  character  of  vegetables  of  which  but  the  faintest  vestiges 
remain,  but  also  point  out  important  inferences  relating  to 
the  state  of  the  earth,  the  nature  of  the  climate,  and  even  of 
the  seasons  which  prevailed  at  the  periods  when  those  plants 
flourished.  Mr.  Babbage  has  admirably  exemplified  the  in- 
ductive process  by  which  such  results  may  be  obtained : — 

**  We  have  seen  that  dicotyledonous  trees  increase  in  size  by  the  de- 
position of  an  additional  layer  annually  between  the  wood  and  the  bark ; 
and  that  a  transverse  section  of  such  trees  presents  the  appearance  of  a 
series  of  nearly  concentric  irregular  rings,  the  number  of  which  indicates 
the  age  of  the  tree.  The  relative  thickness  of  these  annular  markings 
depends  on  the  more  or  less  flourishing  state  of  the  plant  during  the 
years  in  which  they  were  formed.  Each  ring  may,  in  some  trees,  be  ob- 
served to  be  subdivided  into  others,  thus  indicating  successive  periods  of 
the  same  year  during  which  its  vegetation  was  advanced  or  checked. 
These  rings  are  disturbed  in  certain  parts  by  irregularities  resulting  from 
branches ;  and  the  year  in  which  each  branch  first  sprang  from  the  pa- 
rent stock  may  therefore  be  ascertained  by  proper  sections.  These  pro- 
minent eflfects  are  obvious  to  our  senses ;  but  every  shower  that  falls, 
every  change  of  temperature  that  occurs,  and  every  wind  that  blows, 
leaves  on  the  vegetable  world  the  traces  of  its  passage ;  slight,  indeed, 
and  imperceptible  perhaps  to  us,  but  not  the  less  permanently  recorded 
in  the  depths  of  those  woody  fabrics. 

**  All  these  indications  of  the  growth  of  the  living  tree  are  preserved  in 
the  fossil  trunk,  and  with  them  also  frequently  the  history  of  its  partial 
decay.  Let  us  now  examine  the  use  we  can  make  of  these  details  rela- 
tive to  individual  trees,  when  considering  forests  submerged  by  seas,  im- 
bedded in  peat-mosses,  or  transformed,  as  in  some  of  the  harder  strata, 
into  stone.  Let  us  imagine  that  we  possessed  sections  of  the  trunks  of 
a  considerable  number  of  trees,  such  as  those  occurring  in  the  stratum 
called  the  Dirt-bed  in  the  Island  of  Portland.*  If  we  were  to  select  a 
number  of  trees  of  about  the  same  size,  we  should  possibly  find  many  of 
them  to  have  been  contemporaries.  This  fact  would  be  rendered  pro- 
bable, if  we  observed,  as  we  doubtless  should  do,  on  examining  the  an- 
nual rings,  that  some  of  them,  conspicuous  for  their  size,  occurred  at  the 
same  distances  of  years  in  several  trees.  If,  for  example,  we  found  on 
several  trees  a  remarkably  large  annual  ring,  followed  at  the  distance  of 

♦  See  above,  \o\.  i.  v-  398, 
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seven  years  by  a  remarkably  thin  ring,  and  this  again,  after  two  years, 
^cceeded  by  another  large  ring,  we  should  reasonably  infer  from  these 
trees,  that,  seven  years  after  a  season  highly  favourable  to  their  growth, 
tliere  had  occurred  a  season  unfavourable  to  them ;  and  that  after  two 
more  years,  another  very  favourable  season  had  happened ;  and  that  all 
the  trees  so  observed  had  existed  at  the  same  period  of  time.    The  na- 
ture of  the  season,  whether  hot  or  cold,  wet  or  dry,  would  be  known  with 
some  degree  of  probability,  from  the  class  of  tree  under  examination. 
This  kind  of  evidence,  though  slight  at  first,  receives  additional  and  great 
confirmation  by  the  discovery  of  every  n%w  ring  which  supports  it ;  and, 
by  a  considerable  concurrence  of  such  observations,  the  succession  of 
seasons  might  be  ascertained  in  geological  periods,  however  minute." 

24.  Mtcboscopic  examination  or  fossil  trees.* — 
The  discovery  of  a  process  by  which  the  structure  of  fossil 
vegetables  can  be  examined  with  as  much  facility  as  that  of 
recent  plants,  has  shed  an  unexpected  light  on  the  ancient 
botany  of  our  planet.  On  this  plate  of  glass  you  perceive  a 
thin  film  of  a  dark  substance,  apparently  of  varnish.  It  is 
a  slice  of  the  blackest  jet ;  and,  if  held  between  the  eye  and 
the  light,  appears  of  a  rich  brown  colour,  and  displays  a  lig- 
neous structure,  resembling  that  of  deal  or  fi^ :  it  is,  in  fact, 
a  thin  section  of  fossil  coniferous  wood ;  for  jet  is  nothing 
more  than  the  wood  of  some  species  of  fir  or  pine,  that  has 
undergone  the  process  of  bituminization,  as  I  shall  presently 
explain.  When  viewed  under  a  microscope,  the  small  pit- 
tings,  which  I  have  mentioned  as  peculiar  to  the  Conifera 
{Lign,l%2,Jlg8, 2  and  3),  are  distinctly  visible.  The  other  spe- 
cimens before  us  are  silicified  woods,  prepared  in  the  same 
manner.  A  few  words  in  explanation  of  the  mode  by  which 
sections  of  such  extreme  thinness  are  obtained  may  not  be 
uninteresting.  A  slice  is  first  cut  from  the  fossil  wood  by 
the  usual  process  of  the  lapidary ;  one  surface  is  ground  per- 
fectly flat,  and  polished,  and  then  cemented  to  a  piece  of 
plate-glass  by  means  of  Canada-balsam  ;  the  slice  thus  firmly 
attached  to  the  glass  is  next  ground  down  to  t\i<&  x^o^i^^ 

•  Medala  o£  Creation,  vol.  i.  p.  6^. 
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degree  of  te&mtr,  so  as  to  permit  its  structure  to  be  8 
br  the  aid  of  the  microscope.  It  is  by  this  ingenious  ] 
oess  that  the  intricate  structure  of  any  fossil  plant  can  i 
be  investigated,  and  the  nature  of  the  original  determi 
with  as  much  accuracy  as  if  it  were  recent.* 

A  method  discoTered  br  Dr.  Franz  Schulz,  of  detecting  the  intc 
Tegetable  stmcCare  in  lignite,  coal,  anthracite.  &c.,  consists  in  treating 
cual  with  nitric  acid  in  a  pUtit^pn-ressel,  and  then  CTaporating  the 
by  a  moderate  heat,  and  igniting  the  residue  nntil  no  further  empy 
matic  Tapoois  are  giren  off;  the  residue  is  submitted  to  the  actioi 
nitric  add,  and  the  ignition  repeated.  Thus  prepared,  the  coal  is  pli 
in  a  platinum-cmcible  with  a  lid  perforated  in  the  centre,  and  air  is  bl 
from  a  gasometer  throng  the  aperture  in  the  lid,  while  the  cnicibl 
kept  at  a  red  heat  orer  a  spirit-lamp,  so  that  the  coal  is  slowly  ( 
sumed.  The  ash  thus  obtained  is  not  in  the  state  of  coke,  as  would 
the  case  in  the  ordinaiy  method  of  incineration,  but  forms  a  brown  p 
der  full  of  white  splinters.  These  splmters,  on  microscopical  exan 
ation,  are  found  to  be  the  silicious  cellular  structure  of  the  orig 
Tegeuble.  By  this  process  vegetable  tissue  has  been  detected  in 
anthracite  or  stone-coal  of  Pennsylrania,  by  Dr.  Baily.f 

The  experiments  and  obsenrations  on  the  structure  of  plants  by 
Rer.  J.  B.  Reade  hare  brought  to  light  some  interesting  facts  iu  illus 
tion  of  this  subject.  Mr.  Reade  states  that  "  by  the  agency  of  heat 
surrounding  silicious  mat:er  may  be  liquefied,  and  the  carbon  and  { 
eous  products  of  the  wood  dispelled,  while  the  essential  characters  of 
fibrous  and  cellular  structure  are  undisturbed.  The  unconsumed  ] 
tions,  which  alone  constitute  the  true  vegeuble  frame-work,  are  thus 
it  were,  mounted  in  the  fluid  silica.  This  property  of  Tegetable  fibn 
retaining  its  form,  notwithstanding  the  action  of  a  high  temperature,  i 
gested  to  me  the  probability  of  detecting  structure  in  the  ashes  of  c< 
and  upon  examination,  I  found  that  the  while  ashes  of  *  slaty  coal ' 
nish  most  beautiful  examples  of  regeUble  remains."  In  a  subseqi 
paper  the  author  adds  the  following  remarks : — "  Having  ascerta 

*  See  H.  Witham's  "Observations  on  Fossil  Vegetables,**  with  p 
of  the  internal  structure  of  plants ;  also  Prof.  J.  Quekett's  **  Hislolo; 
Lectures,**   and   "Histol.  Catal.  Roy.  Coll.  Surgeons;'*  .\lex.  Biyj 
paper  on  Preparing  Fossils  fur  Microscopic  Investigation,    Edinb. 
Phil.  Joum.   N.  S.  vol.  iii.  p.  297  ;   and  Dr.  Carpenter's  Microscope. 

i-  .Imerican  Journal  of  Science,  'hui  aeries,  vol.  ii.  p.  124. 
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^t  the  silicious  organization  of  recent  plants  is  not  destructible,  even 
wnder  the  blow-pipe,  it  appeared  to  me  a  natural  inference,  that  the  less 
intense  heat  of  a  common  fire  would  not  destroy  this  silicious  tissue  in 
the  coal-plants ;  and  my  opinion  has  been  confirmed,  for  1  have  detected  in 
tile  white  ashes  of  coal  all  the  usual  forms  of  vegetable  structure,  viz.  cellu- 
lar tissue,  smooth  and  spiral  fibre,  and  annular  ducts.  A  comparison  of  the 
ashes  of  coal  with  those  of  recent  plants  would  doubtless  afford  some 
further  insight  into  the  nature  of  fossil  vegetables.    To  mention  only  one 
instance) — I  have  ascertained  that  the  lumps  of  carbonized  matter  which 
occur  abundantly  in  the  Upper  Sandstone  near  the  Spa  at  Scarborough 
are,  in  all  probability,  portions  of  the  stems  of  some  arundinaceous  or 
gramineous  plants.    The  structure  of  the  epidermis  is  precisely  similar 
to  that  of  the  oat,  consisting  of  parallel  columns,  set  with  fine  teeth,  dove- 
tailing, as  it  were,  into  each  other, 'while  the  underlying  tissue  consists 
of  cubical  cells,  a  thin  horizontal  section  exhibiting  a  series  of  squares. 
From  these  facts  it  is  evident,  that  the  tnie  framework  and  basis  of  ve- 
getable structure  in  the  plants  of  coal  is  not  only  entirely  independent  of 
carbon,  but  that  it  has  also  resisted  the  bituminous  decomposition  which 
has  converted  all  the  carbonaceous  materials  into  a  highly  inflammable 
substance."  • 

Another  plan  for  facilitating  the  microscopical  examination  of  coal  is 
as  follows :  t — Soak  the  coal  or  lignite  in  a  saturated  solution  of  carbonate 
of  soda  for  from  ten  to  fourteen  days,  when  it  will  be  much  softened,  and 
fine  slices  may  be  cut  from  it  with  a  razor  or  scalpel ;  place  the  slices  in 
strong  nitric  acid,  until  they  become  somewhat  bleached ;  use  them  with- 
out delay,  and,  if  desirous  of  preserving  the  preparations,  mount  them  in 
glycerine. 

Prof.  Morris  recommends  a  ready  mode  of  preparing  coal  for  exa- 
mination,— boiling  the  small  fragments  in  nitric  acid,  washing,  and  exa- 
mining them  at  once. 

25.  Nature  op  Coal. — In  this  stage  of  our  inquiry 
the  nature  of  the  process  by  which  vegetables  are  converted 
into  the  mineral  substance  termed  Coal  requires  additional 
consideration. 

Under  the  microscope  a  thin  slice  of  true  coal  exhibits  minute.yeliowish, 
semi-transparent  particles,  with  an  intermediate  deep-brown  substance. 
The  amber-coloured  material  is  of  a  bituminous  nature,  and  so  volatile 

*  Journal  of  Science,  vol.  ii.  p.  413. 

f  For  the  explanation  of  this  method,  the  Ediloi  is  Va^e\iV^^\.^^tvA» 
IJuaJrcy,    See  also  Micrograph.  Diet, 
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as  to  be  readily  expelled  by  heat  before  the  textnre  of  the  coal  is  de- 
stroyed. When  the  slice  is  taken  in  one  direction,  the  yellow  particles  are 
seen  to  be  elongated ;  when  cut  at  right  angles,  minute  circular  cross-sec- 
tions of  these  bituminous  bodies  are  observed,  appearing  like  cells  packed 
closely  together.  The  intermediate  brown  substance  consists  of  vegetable 
fibres  and  earthy  matter.  The  lengthening  out  of  the  component  yel- 
low particles  is  evidently  due  to  the  compression  of  layer  on  layer  of  the 
carbonaceous  matter;  hence  the  readiness  with  which  coal  usually 
breaks  into  cubical  masses ;  the  line  of  fracture  passing  between  and  pa- 
rallel with  the  compressed  particles  on  four  sides  of  the  cube,  and  across 
them  at  right  angles  to  their  length,  on  the  other  two  sides  of  the  cube. 
The  same  rule  is  necessarily  followed  in  the  cleavage  of  every  substance 
containing  either  elongated  particles  or  elongated  cavities, — ^whether  it  be 
clay-slate  or  mica-schist,  timber  or  pie-crust. 

The  yellow  bituminous  particles  in  the  coal  are  the  chemical  result  of 
the  decomposition  of  the  old  vegetable  matter,  consisting  of  the  loose 
woody  and  pithy  tissue,  chiefly  oiSigmaruB^  Lepidodendra,  and  CalamUetf 
which  formed  the  great  swamp-jungles  of  the  coal-period.  Layer  after 
layer  of  these  dead  trees  accumulated  as  swampy  peat,  intermingled  here 
and  there  with  tree-ferns  and  coniferous  trees,  brought  from  higher  ground 
by  floods  and  freshets,  and  occasionally  overlaid  by  sand- and  clay-beds; 
and  the  pulpy  mass  of  black  carbonaceous  mud,  similar  to  what  may  now 
be  found  at  the  mouths  of  the  tropical  rivers  and  in  the  swamps  of  the  Mis- 
sissippi, underwent  those  gradations  of  change  which  converted  the  woody 
fibre  of  the  plants  into  the  hydrocarbon  of  the  coal.  Hence  the  endless 
varieties  of  cannel-coal  and  ordinary  coal.  The  former  not  unfrequently 
contains  the  remains  of  ^n^Aracojtte,  MyalituB,  and  Fishes,  and,  at  Pictou, 
of  Reptiles.  Cannel-coal  has  more  earthy  and  animal  matter  than  common 
coal  contains ;  and  frequently  alternations  of  thin  layers  of  earthy  cannel 
and  bright  black  bituminous  coal  are  observable  in  common  coal. 

The  Boghead  or  Torbane  Hill  coal  ("  Bitumenite"  of  Dr.  Trail)  appears 
to  be  a  modification  of  the  usual  form  of  cannel-coal ;  the  constituent  bi- 
tuminous particles  being  larger,  less  compressed,  and  more  radiated  in  their 
inner  structure.  The  "Albertite,"  found  at  Hillsborough,  New-Bruns- 
wick, is  still  more  bituminous,  and  is  amorphous  in  its  composition. 

In  the  dust  and  the  ashes  of  coals  fragments  of  reticulated  and  dotted 
tissue,  and  of  pitted  fibres,  may  be  readily  found,  forming  interesting  mi- 
croscopical objects.  The  scalariform  tissue  of  Sigillaria  is  not  unfrequent 
in  the  cannel-coals.  Even  in  the  anthracite  or  stone-coal  of  North 
America,  which  is  a  hard  slaty  rock,  the  vascular  tissue  may  be  rendered 
distinctly  visible. 
The  best  specimens  of  pitted  ^bie  (^coTuSeio^x&^oo^'^^x^  ^'btoilned  from 
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the  dusty  charcoal-like  substance  often  seen  on  fresh  surfaces  of  coal. 
This  "mother-charcoal"  is  supposed  to  be  the  relics  of  the  drifted  coni- 
fers, the  wood  of  which  appears  not  to  have  readily  mingled  with  the 
8wanjp.peat.» 

Mr.  Parkinson,  whose  work  on  Organic  Remains  abounds  in  interest- 
^  observations  and  experiments  on  the  fossilization  of  yegetable  sub- 
stances, has  argued,  that  the  formation  of  coal  has  depended  upon  a 
change  which  all  vegetable  matter  undergoes  when  exposed  to  heat  and 
moisture,  under  circumstances  that  exclude  the  air,  and  prevent  the 
escape  of  the  more  volatile  principles.t  In  this  condition,  a  fermentation, 
^hich  he  terms  the  bituminous,  takes  place,  of  which  the  phenomenon 
exhibited  by  mow-humt  hay  is  a  familiar  example.  The  production  of 
sugar,  and,  by  continuance  of  the  process,  of  vinegar,  is  effected  by  ve- 

*  Besides  the  works  of  Lyell  already  alluded  to,  and  De  la  Beche's 
"Geolog.  Observer,"  and  other  general  treatises,  especially  Prof.  Ansted's 
"Elem,  Course  of  Geology,"  &c.,  the  student  is  especially  referred,  for 
the  consideration  of  the  nature  and  structure  of  coal,  to  the  following 
works :  Dr.  Redfem  **  On  the  Nature  of  the  Torbane  Hill  and  other  Va- 
rieties of  Coal,"  Quart.  Joum.  Microsc.  Science,  vol.  iii.  p.  106;  Prof. 
Balfour  **0n  the  Structure  of  Coal,"  Annals  Nat.  Hist.  2nd  ser.  vol.  xiv. 
p.  229;  Prof.  Quekett  '*0n  the  Intimate  Structure  of  a  Peculiar  Com- 
bustible Mineral  from  the  Coal-measures  of  Torbane  Hill,  near  Bathgate, 
Linlithgowshire,"  Transact.  Microsc.  Soc.  N.  S.  vol.  ii.  p.  34 ;  Dr. 
Hooker  **  On  the  Vegetation  of  the  Coal-period,"  Mem.  Geol.  Survey, 
▼ol.  ii.  part  2 ;  Prof.  Harkness  "  On  Coal,"  Edinb.  N.  Ph.  Joum.  vol. 
Ivil  p.  66,  and  **  On  Mmeral  Charcoal,"  i6.  N.  S.  vol.  i.  p.  73 ;  Prof.  J.  W. 
Dawson  *'0n  the  Coal-measures  of  the  South  Joggins,"  Quart.  Joum. 
Geol.  Soc.  vol.  X.  p.  1 ;  Mr.  G.Tate's  ''Fossil  Flora  of  the  Mountain- 
Limestone  Formation  of  the  Eastern  Borders ; "  and  his  papers  on  the 
mbject  in  the  Trans.  Berwicksh.  Nat.  Field-club,  vol.  iii.  pp.  134,  195, 
and  218;  and  Mr.  Newberry  *'On  Cannel-coal,"  Americ.  Joum.  Science, 
2nd  ser.  vol.  xxiil  p.  212,  and  Edinb.  N.  Ph.  Joum.  N.  S.  vol.  v.  p.  364 
and  vol.  vi.  p.  368. 

Many  valuable  remarks  on  the  similarity  of  physical  and  chemical  con- 
ditions exhibited  by  peat-moss,  lignite,  and  coal  are  to  be  found  in  the 
"Essays  on  the  Natural  History  and  Origin  of  Peat-moss,"  by  the  Rev. 
B.  Rennie,  8vo,  Edinburgh,  1810 ;  and  also  in  Leo  Lesquereux's  Me- 
moir in  the  Bullet.  Soc.  Sc.  Nat.  NeuchStel,^  vol.  i.  p.  471,  and  Quart* 
Joum.  Geol.  Soc.  rol.  iv.  part  2,  Miscell.  p.  30. 
f  Organic  Remtuna  of  a  Former  World,  vol.  i.  p.  Y^Y. 
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getable  fermentation  in  the  open  air.  In  the  proceia  of  hay-making,  tke 
saccharine  fermentation  is  induced,  and  the  grass  acquires  a  peculiar  frt* 
grance  and  sweetness ;  but  in  wet  seasons,  when  the  hay  is  prematurely 
heaped  together,  the  Tolatile  principles  cannot  escape  from  the  inner  miN 
of  vegetable  matter,  heat  is  rapidly  evolved,  a  dense  vapour  exhales,  and 
at  length  flames  break  forth,  and  the  stack  ic  consumed.  When  the 
process  is  interrupted,  and  combustion  prevented,  the  hay  is  found  tfl 
have  acquired  a  dark-brown  colour,  a  glazed  or  oily  surface,  and  a  bitu* 
minous  odour.  Were  vegetable  substances,  under  the  circumstancei 
here  described,  placed  beneath  great  pressure,  so  as  to  confine  the  gaseou 
elements,  bitumen,  lignite,  or  coal  might  be  produced,  according  to  ^ 
various  modifications  of  the  process.  Vegetable  matter  is  thus  trace 
through  every  stage  of  the  saccharine,  vinous,  acetous,  and  bitumino' 
fermentations  ;  producing  alcohol,  ether,  naphtha,  petroleum,  bitume 
amber,  and  even  the  diamond ;  and  explains  that  by  the  process  of  bit 
minization  stems  and  branches  have  been  converted  into  brown-co' 
lignite,  jet,  coal,  and  anthracite. 

According  to  analyses  made  at  the  Museum  of  Practical  Geology 
the  Newcastle  coal  has  a  specific  gravity,  varying  from  1.23  to  1.31,  a. 
consists  of 


Carbon      from  78.01 

to  85.58 

Hydrogen    —      5.04 

—    5.56 

Nitrogen      —      0.72 

—    1.84 

Sulphur       —      0.71 

—    1.85 

Oxvgen       —      2.40 

—  10.31 

Ash             —     2.14 

—    9.12 

The  percentage  of  coke  left  by  this  coal  varies  from  35.60  to  72.31. 

Iron-  and  copper-pyrites  abound  in  many  of  the  beds  of  coal ;  t  wi 
indeed,  these  metallic  substances  are  very  generally  met  with  in  a 
cumulations  of  carbonized  vegetables.  The  carburetted  hydrogen,  wi 
the  acid  and  extractive  matter,  resulting  frum  vegetable  decompositio 
are  adequate  to  produce  copper-pyrites,  and  even  metallic  copper,  fro 
water  holding  salts  of  copper  in  solution.  The  pyrites  so  abundant 
the  Wcalden  strata  of  the  Isle  of  Wight,  in  the  Gault,  the  Kimmerid 
Clay,  the  Lias,  and  other  formations  has  originated  from  this  cause. 

Prof.  W.  B.  Rogers  has  some  interesting  remarks  on  the  origin  a 
accumulation  of  the  proto-carbonate  of  iron  in  coal-measures,  in  SiiUmat 

•  The  Parliamentary  "  Reports  on  the  Coals  suited  to  the  Steam  Nav) 
hy  Sir  De  la  Beche  and  Dr.  L.  Playfair,  1848—51. 

t  Some  observations  on  the  presence  of  certain  metals  in  coal  will 
found  in  the  Report  of  the  Brit.  Assoc.  1856,  Sect.  p.  51. 
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Joimmlt*  when?  he  shows  that,  accompanying  ihe  coal-hedH,  were  depo* 
fits  c<}ntainiii|;  much  organic  nintter,  atid  imprti plated  ^tth  sesquiu^cide 
of  iron,  which  hy  Uie  influenco  of  IhL*  changiug  vegelabk  inftlter,  and  the 
emitted  carhuretled  hydrogen  and  carbonic  acid,  hecamc  converted  into 
(s»  protocftrbouate,    (See  p,  767,  twt«>) 

26.  LiEBia  ON  THE  roRMATio^  OF  Coal. — The  nature 
(if  these  changes  is  thus  explained  by  the  emment  cliemiat, 
BttroQ  Liebig.  Vegetuhle  subatunees  after  death  undergo 
two  processes  of  decomposition  \  namely — 

Ist.  Fermentation  or  decay,  which  is  a.  slow  process  of  combust tOTi  (ere- 

I  maeQusU)^  in  which  the  combu&llble  parts  of  a  plunt  luiite  with  the 

Oisygen  of  the  atmosphere ;  for  the  decay  of  woody  lihre  in  contact 

with  air  or  oxygen  converts  the  lat^ter  into  an  equal  volume  of  car* 

bonic  acid  j  the  presence  of  water  and  a  certain  te»>pertttnre  heitig 

necessary.     Woody  fibre  in  a  state  of  deci*y  forms  humtts. 

Idly,  Mouldering  or  putrefaction  of  wood  subjected  to  the  action  of 

water,  and  more  or  less  excluded  from  the  air,     Wlicn  pure  lig- 

aeous  fibre>  aa  linen,  for  example,  is  placed  in  contact  wiih  water, 

coiisid<irahle  heat  is  evolved,  and  the  vegetable  matter  loses  its 

coherence,  and  becomes  a  soft  friable  mass ;  in  short,  it  undergoes 

B.  true  putrefaction. 

Wlien  all  access  to  air  is  excluded  and  consequent  oxidation  and  a 

nni&val  of  a  certain  quantity  of  hydrogen,  then  other  changes  ensue,  and 

ln)0  taiaeral  coal  containmg  combustible  oils  is  the  result.     Tn  deposits 

rfvood-coal  changes  are  still  polnj;  on,  as  is  proved  by  the  isane,  from 

Ms  in  the  rocka  of  the  coal- forrtmt ion,  of  inflammable  gases  ;  such  as 

cirbiirLiled  hydrogen,  nitrogen,  and  olcRant  gaa.     Thus  from  the  con- 

liinial  removal  of  oxygen,  in  the  form  of  carbonic  acidj  from  layers  of 

'wd-coal,  that  subsULtice  gradually  approaches  in  its  composition  to 

BitQprai  coah     From  the  latter  hydrogen  is  disengaged  in  the  form  of  a 

compound  (hydro -carbon)  \  nnd  the  removal  of  all  the  hydrogen  gives 

lise  to  anthracite  or  s  tone -co  ah  f 

The  chemical  changes  of  this  nature,  whtch  are  contmnally  taking 
pJace  in  carboniferous  depositsj  give  rii?eto  those  evolutions  of  carbonic 
Mid  {thfjke-damp)  and  carburet  ted  hydro|]^n,  or  ^re-damp^  which  are 
beqaently  so  fatal  to  the  miners.  And  it  is  a  fact  worthy  of  Tern  ark,  as 
ewKborattve  of  the  opinions  above  advanced,  that  the  bitMminovis  quality 

•  New.  Ser,  vol.  xsL  p,  339. 
t  lAehlg^s  Chemistry^  imnsMed  by  Professor  PU^taXt. 
3x  M 
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of  the  coal  depends  on  the  nature  of  the  bed  which  immediately  coTers  it. 
If  this  be  argillaceous  shale,  the  escape  of  the  gaseous  matter  of  the  coal 
is  prevented ;  but,  if  the  roof  be  arenaceous,  the  gas  is  evolved  from  the 
coal,  and  collects  in  the  innumerable  fissures  and  pores  of  the  sandstone, 
which  become  filled  with  carburetted  hydrogen,  and  form  as  it  were  a 
gasometer,  ready  to  explode  upon  any  occasion.  Mr.  Hutton  is  of  opinion 
that  this  gas  exists  in  a  highly  condensed,  and  even  liquid,  state  in  the 
pores  of  the  coal ;  and  that  the  small  explosions  (termed  by  the  miners 
eructations)  which  often  take  place  when  the  coal  is  struck  with  a  pick, 
are  due  to  the  sudden  expansion  of  the  condensed  gas.* 

Carburetted  hydrogen  obtained  artificially  from  coal,  peat,  oil,  and 
wood,f  is  well  known  as  "gas,**  of  which  such  large  supplies  are  now 
needed  for  the  lighting  of  our  towns.  This  gas  is  thrown  out  naturally  from 
the  coal-deposits  of  many  districts ;  and  is  sometimes,  under  those  circum- 
stances, used  for  economical  purposes.  |  The  fire-temples  of  Western 
Asia  were,  and  still  are,  supplied  from  this  source  ;  at  some  salt-works  in 
China,  they  have  long  used  this  inflammable  gas  in  evaporating  the  brine, 
and  lighting  the  premises ;  the  town  of  Fredonia,  in  New  York  State,  is 
lighted  by  means  of  a  local  supply  of  the  gas ;  in  the  Hepburn  Colliery, 
the  gas  from  the  coal  is  used  to  light  the  stables ;  and  at  Wallsend,  a  large 
quantity  of  gas  (11,000  hogsheads  a  minute)  is  brought  to  the  surface  by 
iron  pipes,  and  wasted. 

27.  Bitumen,  Petroleum,  Naphtha. — The  changes  ef- 
fected in  vegetable  matter  during  its  conversion  into  coal 
also  give  rise  to  various  bituminous  productions. 

Mineral  oil  is  an  inflammable  fluid  which  often  occurs  in  carboniferous 
deposits,  sometimes  forming  powerful  springs.  Naphtha  is  another  liquid 
of  this  nature,  which  is  nearly  colourless  and  transparent,  bums  with  a 
blue  flame,  emits  a  strong  odour,  and  leaves  no  residuum.  In  driving  a 
level  through  coal -shale  in  Derbyshire,  springs  of  naphtha  burst  forth,  and 
covered  the  surface  of  the  water  in  the  level ;  and,  having  been  accident- 

*  Sir  H.  De  la  Beche,  Geological  Manual,  3d  edit. 

t  An  interestmg  Report,  on  the  Produce  and  Value  of  Wood-gases,  is 

published  in  the  Franklin  Institute  Journal,  No.  380,  Aug.  1857,  p.  126. 

J  De  la  Beche's  Geol.  Observ.  p.  409 ;  Tate's  Fossil  Flora  of  the 

Eastern  Borders,  p.  316.    See  also  Report  of  Lyell  and  Faraday,  on  the 

Exj^odtm  at  the  Haswell  Collieries,  8vo,  1844 ;  with  Vertical  Section  of 

ths  Hmtwell  CSolliery,  Durham  *.  a\ao  oOiiei  '^^AVAxcksatary  Reports  on 

cplonons  in  Co\Uet*\e8,  Y)^  lie  \«ii  "a^Oaa  %5A  ^sJOasst^. 
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ally  set  on  fire  by  the  approach  of  a  candle,  formed  a  burning  sprinf^, 
which  continued  some  weeks. 

Petroleum  is  of  a  dark  colour,  and  thicker  than  common  tar ;  in  the 
carboniferous  strata  of  Coalbrook  Dale,  and  in  some  parts  of  Asia,  this 
substance  rises  from  coal-beds  in  immense  quantities.  From  a  careful 
analysis  of  petroleum  and  certain  turpentine-oils,  it  is  clear  that  their 
principal  component  parts  are  identical ;  and  it  therefore  appears  probable 
that  petroleum  has  originated  from  the  coniferous  trees  whose  remains 
haTe  contributed  so  largely  to  the  formation  of  coal ;  and  that  the  mi- 
neral-oil is  nothing  more  than  the  turpentine-oil  of  the  pines  of  former 
ages, — not  only  the  wood,  but  also  large  accumulations  of  the  needle-like 
leaTes  of  the  pines,  may  have  contributed  to  this  process.  We  thus  have 
the  satisfaction  of  obtaining,  after  the  lapse  of  thousands  of  years,  in- 
formation as  to  the  more  intimate  composition  of  those  ancient  forests  of 
the  period  of  the  great  coal-formation,  whose  comparison  with  the  pre- 
sent vegetation  of  our  globe  is  a  subject  of  so  much  interest.  The  mi- 
neral oil  may  be  ranked  with  amber,  succinite,  and  other  similar  bodies 
which  occur  in  the  strata.  The  springs  of  petroleum  do  not  seem  to  de- 
pend on  combustion,  as  has  been  supposed,  but  to  be  simply  the  effect  of 
lubterranean  heat.  According  to  the  information  we  now  possess,  it  is 
not  necessary  that  strata  should  be  at  a  yery  great  depth  beneath  the 
surface  to  acquire  a  temperature  equal  to  the  boiling  point  of  water  or 
of  mineral  oil.  In  such  a  position  the  oil  must  have  suffered  a  slow  dis- 
tillation, and  have  found  its  way  to  the  surface ;  or  have  so  impregnated 
a  portion  of  the  earth,  as  to  form  springs  or  wells,  as  in  various  parts  of 
Persia  and  India.* 

Bitumen  is  an  inspissated  mineral  oil,  of  a  dark-brown  colour,  with  a 
strong  odour  of  tar.  In  the  Odin  mine  of  Derbyshire,  elastic  bitumer  oc- 
curs, being  of  the  consistence  ^of  thick  jelly,  and  bearing  some  resem- 
blance to  soft  India-rubber ;  as  it  will  remove  the  traces  of  a  pencil,  it 
has  been  named  "  mineral  caoutchouc."*  Some  bitumens  possess  the  co- 
lour and  transparency  of  amber  :  the  soft  varieties  may  be  rendered  solid 
by  heat. 

From  these  bituminous  substances,  we  pass  by  an  easy  transition  to 
Amber,  f  of  which  we  have  already  spoken  ( p.  245) ;  for  "  black  amber," 

•  Dr.  Reichenbach.  The  bituminous  products  of  the  border-countries 
of  Turkey  and  Persia  are  described  by  Mr.  Loftus,  in  the  Geol.  Soc. 
Jonm.  vol.  xii.  p.  269. 

f  In  Liebig^s  opinion,  amber,  fossil  resin,  and  mellite  are  the  products 
of  vegetable  matter  thaf  has  suffered  eremacausis  ot  ^ec?t"^.    Ttie^  w^ 
/oand  in  wood  or  browji'Coal,  and  have  evidently  "pxocee^^^  itoxci  ^^  ^- 

3a2 
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both  in  its  appearance  and  composition,  closely  resembles  the  solid  bl^ 
tumens. 

A  mineral  called  MeUitef  or  honey-stone,  from  its  colour,  is  fomw:^ 
among  the  bituminous  wood  of  Thuringia,  and  in  its  chemical  cod^ 
position,  and  electrical  properties,  bears  a  great  analogy  to  amber ;  it  :: 
usually  crystallized  in  small  octahedrons.* 

28.    The  Diamond. — The  chemical  constituents  of  tl^< 
substances  above  described  are  chiefly  carbon  and  hydrogan, 
with  a  small  proportion  of  oxygen,  the  essential  elements  of 
vegetable  matter.     But  the  Diamond  is  pure  carbon  ;  afc  a 
heat  less  than  the  melting  point  of  silver,  it  burns,  and  ia 
volatilized,  yielding  the  same  elementary  products  as  char- 
coal. 

Sir  Isaac  Newton  remarked,  that  the  refractive  power,  that  is,  the  pro- 
perty of  bending  the  rays  of  light,  was  three  times  greater  in  respect  of 
their  densities  in  amber  and  in  the  diamond  than  in  other  bodies ;  and 
he  therefore  concluded  that  the  diamond  was  some  unctuous  substance 
that  had  crystallized. 

Sir  David  Brewster  observed,  that  the  globules  of  air  (or  some  fluid 
of  low  refractive  power)  occasionally  seen  in  diamonds  have  communi- 
cated, by  expansion,  a  polarizing  structure  to  the  parts  in  immediate 
contact  with  the  air-bubble,  a  phenomenon  which  also  occurs  in  amber. 
This  is  displayed  in  four  sectors  of  polarized  light  encircling  the  globule 
of  air ;  a  similar  structure  can  be  produced  artificially,  either  in  glass  or 
gelatinous  masses,  by  a  compressing  force  propagated  circularly  from  a 
point.  This  cannot  have  been  the  result  of  crystallization,  but  must 
have  arisen  from  the  expansion  exerted  by  the  included  air  on  the  amber 
and  the  diamond,  when  they  were  in  so  soft  a  state  as  to  be  susceptible 
of  compression  from  a  very  small  force  ;  hence  Sir  David  Brewster  con- 
cludes that,  like  amber,  the  diamond  has  originated  from  the  consolida- 

composition  of  substances  which  were  contained  in  quite  a  diflferent  form 
in  the  living  plants.  They  are  all  distinguished  by  their  proportionablv 
small  quantity  of  hydrogen.  The  acid  from  mellite  (mellitic  acid)  con- 
tains precisely  the  same  proportions  of  carbon  and  oxygen  as  that  from 
amber  (succinic  acid) ;  they  differ  only  in  the  proportion  of  their  hydro- 
gen. Succinic  acid  may  be  obtained  by  oxidation  from  wax  and  from 
all  solid  fats. — Liebig*8  Chemistrt/t  vol.  i.  p.  336. 
*  Organic  Remains  of  a  Former  World,  vol.  1.  pi.  i.  fig.  2. 
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tion  of  vegetable  matter,  which  Has  gradually  acquired  a  crystalline  form 
by  the  slow  action  of  corpuscular  forces.* 

Liebig  concurs  in  the  opinion  that  the  diamond  is  of  vegetable  origin, 
and  offers  the  following  remarks  on  its  probable  mode  of  formation. 

"  If  we  suppose  decay  to  proceed  in  a  liquid  containing  carbon  and 
hydrogen,  then  a  compound  with  still  more  carbon  must  result,  in  a 
manner  similar  to  the  production  of  the  crystalline  colourless  naphthalin 
from  a  gaseous  compound  of  carbon  and  hydrogen.  And,  if  the  com- 
pound thus  formed  were  itself  to  luidergo  further  decay,  the  final  result 
must  be  the  separation  of  carbon  in  a  crystalline  form.  Science  can 
point  to  no  process  capable  of  accounting  for  the  origin  and  formation  of 
diamonds,  except  that  of  decay.  Diamonds  cannot  have  been  produced 
by  the  action  of  fire ;  for  a  high  temperature  and  the  presence  of  oj^ygeu 
gaa  would  call  into  play  their  combustibility.  But  there  is  the  greatest 
reason  to  believe  that  they  have  been  formed  in  the  humid  way  ;  and  the 
process  of  decay  is  the  only  cause  to  which  their  formation  can  with  pro- 
bability be  ascribed."  f 

By  voltaic  action  the  diamond  has  been  converted  into  a  substance 
possessing  the  appearance,  physical  character,  and  electrical  properties  of 
coke.  In  this  state  the  diamond  loses  its  insulating  power,  and  becomes 
lighter :  the  specific  gravity  of  an  ordinary  diamond  is  3.368 ;  when 
changed  into  coke,  2.679.  t 

The  diamond  in  a  pure  state  is  colourless  and  transparent;  when 
coloured,  it  contains  foreign  matter,  as  metallic  oxides,  &c.  A  blue  dia- 
mond (this  property  of  Mr.  H.  T.  Hope),  weighing  177  carats,  is  a  splen- 
did and  unique  specimen  of  this  precious  gem.  There  are  pink,  orange, 
yellow,  and  dark-brown  diamonds.  The  largest-known  diamond  be- 
longs to  the  Rajah  of  Mattan ;  it  is  of  the  purest  water,  and  weighs  367 
carats,  or  (at  the  rate  of  four  grauis  to  a  carat)  three  ounces  troy  weight : 
it  is  egg-shaped.  The  Mogul  Diamond,  §  called  the  Koh-i-noor,  or 
"  mountain  of  light,**  weighed  when  first  found  793  carats ;  when  ex- 
hibited at  the  Crystal  Palace  (1851)  it  weighed  186  carats;  it  was  re- 
cut  in  1852,  and  now  weighs  102. 

The  matrix  of  the  diamonds  found  in  Central  and  Southern  India  is  a 
wide-spread  conglomerate,  overlying  the  sand-stones,  limestones,  and 
gneiss-rocks  of  the  country. 

•  Geol.  Trans.  2nd  ser.  vol.  iii.  p.  459.  t  Liebig's  Chemistry,  vol. 
i.  p.  336.  t  Experiments  of  M.  Jacquelin  and  Prof.  Faraday. 

§  See  Prof.  Tennant's  interesting  observations  on  this  great  dlamoud^ 
and  the  probable  history  of  its  division  into  three  poT\,\oii%,  oiv?i  q^  ^V\^ 
(the  Kob'i-noor)  i$  now  At  Windsor  Castle :  TranaacVVoi\a  oi  ^'i^^^v^'^ 
of  Arts,  J852,  p.  336. 
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29.  Anthbacitb,  Plumbago,  &c, — The  coal  commonl} 
used  for  domestic  purposes  in  this  country  is  the  bitumin- 
ous, of  which  there  are  many  varieties,  such  as  cherry-coal; 
caking-coal,  splint-coal,  and  cannel-coal.*  The  Anthracite^] 
culm,  or  stone-coal,  is  coal  usually  deprived  of  its  bitumen  by 
the  causes  already  explained ;  anthracitic  bands,  howeTer, 
occasionally  are  intercalated  with  seams  of  bituminous  coal. 
When  coal  is  near  to  trap  or  basalt,  it  is  often  in  the  state 
of  anthracite ;  while  the  layers  in  immediate  contact  with 
the  volcanic  rocks  are  charred,  and  in  some  instances  coked; 
or  the  mass  is  converted  into  pltmhctgo,  or  graphite,  the  sub- 
stance used  for  drawing-pencils.  By  a  series  of  interesting 
experiments.  Dr.  MaccullochJ  demonstrated  the  transitional 
changes  from  bitumen  to  plumbago.  Hydrogen  predomin- 
ates in  the  fluid  bitumen ;  bitumen  and  carbon  in  coal ;  in 
anthracite,  bitumen  is  altogether  wanting ;  and  in  plumbago, 
the  hydrogen  has  also  disappeared,  and  carbon  only  or  chiefly 
remains. 

In  North  America,  from  the  prevalence  of  anthracite  in 
the  carboniferous  deposits,  this  substance  is  in  nearly  uni- 
versal use ;  but  in  England  it  is  seldom  employed  except  in 
ArDott- stoves  and  the  furnaces  of  our  manufactories. §  This 
kind  of  coal  is,  however,  largely  developed  in  many  districts ; 
and  the  anthracite  of  South  Wales  extends  from  the  Vale  of 
Keath,  on  the  east,  to  St.  Bride's  Bay  on  the  west.  Some  of 
this  coal  is  in  the  state  of  charcoal,  and  requires  a  degree  of 
heat  of  531°  Fahrenheit,  for  its  ignition ;  but,  when  ignited, 
it  burns  with  a  bright  flame,  and  is  the  most  durable  of  fuel. 

30.   Peteifaction  of  Yegetables.  —  As  in  the  sand- 

•  See  Parliamentary  Reports  on  the  coals  suited  for  the  steam -navy. 

t  From  the  Greek  av0pa$,  signifying  coal  or  charcoal. 

X  Transact.  Geol.  Soc.  vol.  ii.  p.  1. 

§  The  anthracite  of  the  Alleghanies  is  of  very  slow  combustion ;  but 
this  is  overcome  by  freely  supplying  oxygen  by  means  of  a  blower,  eren 
in  the  fire-places  of  private  dwellings :  and  the  drying  effect  on  the  air  o» 
the  apartments  la  counteracted  \>y  \iie  evw50i«LUon  of  water. 
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stones  and  other  strata  the  stems  of  trees  and  plants  are 
often  found  not  in  the  state  of  coal,  but  converted  into  stone 
— ^in  some  instances  calcareous,  in  others  silicious,  I  shall  in 
this  place  offer  a  few  remarks  in  illustration  of  the  process 
by  which  such  a  change  has  been  effected. 

In  true  petrifactions  a  transmutation  of  the  parts  of  an  organized  body 
into  mineral  matter  takes  place.  Patrin,  Brongniart,  and  other  philoso- 
phers suppose  that  petrifaction  has  frequently  been  effected  suddenly,  by 
the  combination  of  gaseous  fluids  with  the  constituent  principles  of  or- 
ganic structure.  It  appears,  indeed,  certain,  that  the  conversion  of 
animal  and  vegetable  substances  into  silex  must,  in  many  instances,  have 
been  almost  instantaneous ;  for  the  most  delicate  parts,  those  which  would 
undergo  decomposition  with  the  greatest  rapidity,  are  preserved.  The 
occurrence  in  the  Oolite,  at  Tisbury,  of  Trigonias,  having  their  delicate 
branchiae  and  other  portions  of  the  body  preserved  in  their  natural  posi- 
tion by  silicification  (p.  527),  illustrates  these  remarks.  So  also  does  the 
preservation  of  a  zoophyte  in  agate,  as  described  and  figured  by  Mr.  Bow- 
erbank.*  The  fact  of  the  silicification  of  trees  in  loose  sand,  and  of  the 
soft  bodies  of  molluscs  in  their  shells,  as  in  the  fossil  oysters  found  in  the 
chalk  at  Brighton,t  while  neither  the  sand  nor  the  shells  are  impregnated 
with  silex,  cannot  be  explained  by  the  infiltration  of  a  silicious  fluid  into 
cavities  lefl  by  the  decomposition  and  removal  of  the  animal  substance.^ 
Von  Buch  has  shown  that  the  silicifying  process  never  immediately  at- 
tacks the  calcareous  shell,  but  developes  itself  only  upon  the  organic 
matter,  and  that,  where  this  substance  is  not  present,  no  silicification 
takes  place.  A  combination  of  gaseous  fluids  with  the  constituent  prin- 
ciples of  the  animal  or  vegetable  substances,  changing  the  latter  into 
stone  without  modifying  the  arrangement  of  the  molecules  so  as  to  alter 

•  Journ.  Geol.  Soc.  vol.  v.  p.  319.  See  also  ibid,  p.  Ixxviii.,  Anniver- 
sary Address  by  Sir  H.  De  la  Beche,  for  some  remarks  on  this  interesting 
fossil,  and  on  silicification  generally. 

t  Medals  of  Creation,  p.  374. 

i  It  still  remains  for  some  patient  investigator  to  elucidate  the  as  yet 
mysterious  relations  of  carbon  and  silicon,  and  to  recover  the  broken  clue 
to  this  research  left  by  the  untimely  death  of  Dr.  Samuel  Brown,  of 
Edinburgh.  His  early  experiments  on  the  transmutation  of  these  two 
substances  appear  to  have  been  followed  in  later  years  by  more  certain 
results,  which,  however)  this  lamented  chemist  had  not  published  at  the 
time  of  his  death.  See  the  deeply  interesting  atlVcVe  otv\>x.'$>.'^xo^'c^ 
Mad  Prof.  E.  Forbes,  in  the  North  British  Review,  YeViiuw^' ,  V^^*^ « 
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the  external  fonn,  seems  the  only  mode  by  which  such  transmutations 
can  have  been  effected.  The  production  of  congelation,  by  a  simple 
abstraction  of  caloric,  is  akin  to  this  change  ;  but  petrifaction  is  induced 
by  the  introduction  of  another  principle.  As  to  density,  the  most  subtle 
gas  may  acquire  the  greatest  solidity  ;  as,  for  example,  in  the  union  of 
oxygen  with  metallic  substances. 

The  following  remarks,  selected  from  Mr.  C.  Stokes's  ob- 
servations •  on  fossil  wood  and  plants,  throw  light  on  this 
subject.  The  specimen  which  gave  rise  to  these  remarks 
was  a  piece  of  beech-wood,  partly  petrified  by  carbonate  of 
lime,  from  a  Eoman  aqueduct  in  Germany.  In  this  wood 
were  several  insulated  portions  converted  into  carbonate  of 
lime,  while  the  remainder  was  unchanged. 

Sometimes  the  most  minute  structure  is  presenred,  as  in  the  Tessels  of 
palms  and  conifer®,  which  are  as  distinct  in  the  fossil  as  in  the  recent 
trees.  From  this  state  of  perfection,  we  have  every  degree  of  change,  to 
the  last  stage  of  decay :  the  condition  of  the  wood,  therefore,  had  no  in- 
fluence on  the  process.  The  hardest  wood,  and  the  most  tender  and 
succulent,  as,  for  instance,  the  young  leaves  of  the  palm,  are  alike  silici- 
fied.  In  some  instances,  the  cellular  tissue  has  been  petrified,  and  the 
vessels  have  disappeared ;  here  silicification  must  have  taken  place  soon 
after  the  wood  was  exposed  to  the  action  of  moisture,  because  the  cellu- 
lar structure  would  soon  decay ;  the  process  was  then  suspended,  and 
the  vessels  decomposed.  In  other  examples,  the  vessels  alone  remain ;  a 
proof  that  petrifaction  did  not  commence  until  the  cellular  tissue  was  de- 
stroyed. The  specimens  where  both  cells  and  vessels  are  silicified  show 
that  the  process  began  at  an  early  period,  and  continued  until  the  whole 
vegetable  structure  was  transmuted  into  stone. 

In  a  morass  near  Ferry-bridge,  in  Yorkshire,  a  similar  partial  petrifac- 
tion of  the  stems  and  branches  of  trees  has  taken  place,  f 

The  late  Dr.  Turner,  in  some  admirable  comments  on  the  subject  of 
petrifaction,  remarked,  that,  whenever  the  decomposition  of  an  organic 
body  has  begun,  the  elements  into  which  it  is  resolved  are  in  a  condition 
peculiarly  favourable  to  their  entering  into  new  combinations ;  and  that, 
if  water,  charged  with  mineral  matter,  come  in  contact  with  bodies  in  this 
state,  a  mutual  action  takes  place,  new  combinations  result,  and  solid 

•  Tnntactions  of  the  GeologicuiV  SodeV^ ,  *Itv^  wx  ,  nOi.  n  ,  15. 212. 
f  Described  by  Mt.  SioVea,  op. c\t.  ^.^W. 
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particles  are  precipitated,  so  as  to  occupy  the  place  left  vacant  by  the 
decomposed  orgaDic  substance. 

81.  Abtepicial  Vegetable  PETBrr actions. — Prof.  Gop- 
pert  has  published  the  result  of  an  interesting  investigation 
of  the  condition  of  fossil  plants,  and  the  process  of  petrifac- 
tion. Layers  of  ironstone-nodules,  as  we  have  previously 
stated,  are  common  in  the  carboniferous  strata.  They  appear 
to  have  once  constituted  continuous  layers,  the  nodules 
having  been  produced  by  segregation,  t.  e,  the  substance  of 
which  they  are  composed  has  separated  from  the  constituent 
parts  of  the  rock  after  deposition.*  The  first  segregation 
often  appears  to  have  been  caused  by  the  presence  of  some 
extraneous  matter,  sometimes  a  trilobite  or  a  shell,  and  very 
commonly  the  leaf  of  a  fem.f  Parkinson  had  remarked, 
that  the  leaves  in  these  nodules  might  sometimes  be  separ- 
ated in  the  form  of  a  carbonaceous  film  ;  and  Goppert,  hav- 
ing found  similar  examples,  was  induced  to  undertake  a  set 
of  experiments.  He  placed  fern-leaves  in  clay,  dried  them 
in  the  shade,  exposed  them  to  a  red  heat,  and  obtained 
striking  resemblances  to  the  fossil  plants.  According  to  the 
degree  of  heat,  the  plant  was  found  to  be  either  brown, 
shining  black,  or  entirely  lost,  the  impression  only  remain- 
ing ;  but  in  the  latter  case  the  surrounding  clay  was  stained 
black,  thus  indicating  that  the  colour  of  the  coal-shales  is 
from  the  carbon  derived  from  the  plants  they  include.  Plants 
soaked  in  a  solution  of  sulphate  of  iron  were  dried  and 
heated  until  every  trace  of  organic  matter  had  disappeared, 
and  the  oxide  was  found  to  present  the  form  of  the  plant. 
In  a  slice  of  pine-tree  the  pitted  fibres  peculiar  to  this  family 
of  vegetables  were  perceptible.  These  results  by  heat  are 
probably  produced  naturally,  by  the  action  of  moisture  un- 
der great  pressure,  and  the  influence  of  a  high  temperature.^ 

*  Sir  H.  De  la  Beche,  Researches  in  Theoretical  Geology,  \^.  96.- 
t  Medals  of  CretUi<m,  p.  69  and  p.  522. 
/  QoMTt.  Jfjum.  Geol  Soc,  rol  vi.  part  2,  MiaceW.;?.^* 
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32.     SlLICITICATION   OE   PbTBIFACTION   OF  VEGETABLE 

BY  SiLEX. — The  Tarious  forms  in  which  silex  is  found  hoM 
been  probably  dependent  on  its  state  of  solution ;  in  tk 
case  of  quartz-crystals  it  was  entirely  dissolved ;  in  aga^ 
and  chalcedony  it  is  supposed  to  have  been  in  a  gelatinou 
state,  assuming  a  spheroidal  or  orbicular  disposition,  accord- 
ing to  the  motion  given  to  its  molecules.  Its  condition  ap- 
pears also  to  have  been  modified  by  the  influence  of  organic 
matter.  In  some  polished  slices  of  flints  from  Bognor,  the 
transition  from  flint  to  agate,  chalcedony,  and  crystallized 
quartz  is  beautifully  exhibited.  The  curious  fact,  that  the 
echinites  in  the  chalk  are  almost  invariably  filled  with  flint,* 
while  the  shelly  covering  is  converted  into  calcareous  spar, 
is,  perhaps,  attributable  to  the  animal  matter  having  under- 
gone silicification  ;t  for  the  most  organized  parts  are  those 
which  appear  to  have  been  most  susceptible  of  silicious 
petrifaction.  Allusion  has  been  already  made  to  the  con- 
version of  an  oyster  into  flint,  while  the  shell  is,  as  usual, 
carbonate  of  lime.  The  shells  of  moUusca,  the  plated  cover- 
ings of  echinoderms,  and  the  guards  of  the  belemnites  are 
less  commonly  silicified,  possibly  from  the  large  proportion 
of  calcareous  earth  which  enters  into  their  composition; 
they  are  more  frequently  changed  into  calc-spar,  probably 
from  water  charged  with  carbonic-acid  gas  having  insensibly 
efiected  the  crystallization  of  their  molecules.J 

Some  specimens  of  silicified  wood,  collected  from  the  in- 
terior of  Australia,  by  the  late  Sir  T.  Mitchell,  and  now  in 
the  British  Museum,  are  entirely  permeated  by  silex ;  but 
on  the  external  surface  of  these  stems,  there  are  some  circu- 

*  In  one  instance,  the  shell  of  an  echinite  from  the  chalk  is  transmuted 
into  crystallized  carbonate  of  lime,  while  the  lower  portion  of  the  ca>'it) 
is  occupied  by  flint,  on  which  is  a  layer  of  crystals  of  calcareous  spar. 

t  Mr.  Bowerbank  thinks  that  the  cavities  of  the  echinoderms  wer 
filled,  after  death,  by  sponge,  which  latter  took  on  the  silicification. 

X  See  an  interesting  Essay  on  this  subject,  by  M.  Alexandre  Bron( 
niart,  " Essai  tur  les  Orbicuki  Silicuux^  fijc.*'     Paris,  1831. 
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lar  spots  of  chatcedonj,  that  appear  to  have  originated  from 
tile  exudation  of  the  liquid  ailex  from  the  interior^  in  viseid 

IgloljQles  distended  with  air,  which  burst,  collapse  d,  and  be- 

^■Ime  solidified  in  their  present  form. 

I P  One  of  the  moat  emmeut  naturalist®  and  mineralogista  of 
the  Uuited  States,  Mr,  J,  D,  Dana,*  haa  Buggeeted  that  the 
reason  why  silica  is  bo  common  a  material  in  the  constitution 
of  fos&ii  wood  aod  shells,  as  well  as  in  pseudomorphic 
cf}'gta!s,  consists  in  the  readj  solutioQ  of  silex  in  water  at  a 
bi^h  temperature  (a  fact  affirmed  by  Bergman), t  under  great 
pressure ,  whenever  an  alkali  is  present  (as  is  seen  at  the 
present  time  in  many  volcanic  regions),  and  its  ready  deposi- 
tbn  again  when  the  water  cools.  A  mere  lieated  aqueous 
wktion  of  silica,  under  a  high  pressure,  is  sufficient  to  ex- 
plain the  phenomenon  of  the  siliciii cation  of  organic  struc- 
ture. Sir,  Dana  states,  that  a  crystal  of  calc-spar  in  such  a 
fiiiid  being  exposed  to  solution  from  the  action  of  the  heated 
water  alone » the  silica,  depositing  itself  gradually  on  a  reduc- 
tion of  temperature,  takes  the  place  of  the  lime,  atom  by 
itoEn,  as  soon  as  set  free.  Every  silicified  fossil  is  an  exam* 
pfe  of  this  pseudomorphism  ;  but  there  seems  to  be  no  union 
of  the  silica  with  the  lime,  for  silicate  of  lime  is  of  rare  oc- 
currence.    (See  also  voh  i.  p.  99,  &c,) 

That  silicifi cation  is  induced  nnder  circumstances  con- 
I3ected  with  a  high  temperature,  we  have  a  remarkable  in- 
stance in  the  petrified  wood  observed  in  Kerguelen  Island, 
hj  Captain  Sir  James  Koas.  Seams  of  coal,  varying  in 
IWckness  from  a  few  inches  to  four  feet,  are  imbedded  in 
trap-rock  ;  and  numerous  fossil  trees  were  found  lying  under 
»  bed  of  shale,  which  was  covered  by  a  mass  of  basalt  several 
iiundred  feet  thick.     Borne  portions  of  the  wood  were  so 

•  Amerie.  Jourti*  Sdence  and  Arts,  voU  xlviii.  p.  84. 

t  Bergman  first  deLermmed  the  stilubilitj  of  silei  in  simple  water, 
iMed  bj  beat,  aiid  demonstrated  ita  eJtistence  in  I  he  Ge^vsers,  and  other 
hfMm^  springs  of  Iceland .   See  ako  Parkinson,  Org.  Hem.  vcjV,  \.  ^^^"^^ 
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little  altered  that  it  was  necessary  to  take  them  in  the  hand 
to  be  convinced  of  their  fossil  state ;  and  the  wood  was 
found  passing  from  that  condition  into  charcoal  which 
would  bum  finely  ;  while  other  portions  were  so  completely 
silicified  as  to  scratch  glass.*  In  fact,  the  permeation  of 
vegetable  tissues  by  aqueous  solutions  of  silex  at  a  high 
temperature  appears  to  be  one  of  the  necessary  conditions 
under  which  silicification  takes  place. 

33.  Fossil  Plakts  of  the  CoA.L.t — ^I  proceed  to  the 
examination  of  the  flora  of  the  Carboniferous  era.  The  lay- 
ers of  pure  coal,  as  we  have  already  stated,  are  wholly  com- 
posed of  carbonized  vegetables ;  and,  when  we  consider  that 
these  beds  are  from  ten  to  thirty  feet  and  even  nearly  fifty 
in  thicknessjj  it  would  seem  difficult  to  account  for  such  an 
immense  accumulation  of  wood,  and  plants,  and  foliage  as 
would  be  required  to  produce  so  enormous  an  amount  of 
carbon,  without  any  intermixture  of  earthy  detritus,  had  we 
not  such  illustrative  examples  of  analogous  modern  carbo- 
naceous deposits,  as  those  brought  forward  by  Sir  C.  Lyell, 
and  previously  alluded  to.  The  shales  above  the  coal  are 
highly  charged  with  carbonaceous  matter,  and  contain  a 
profusion  of  leaves  and  stems.  The  vegetable  remains  are 
always  in  a  carbonized  state;  but  the  leaves  sometimes 
possess  such  a  degree  of  tenacity  and  elasticity  as  to  be 
separable  from  the  stone.  The  leaves  and  seed-vessels 
which  occur  in  the  iron-stone-nodules  have,  in  many  m- 
stances,  undergone  a  metallic  impregnation,  as  is  often  the 
case  in  specimens  from  Coalbrook  Dale.     Brilliant  sulphide 

♦  Voyage  of  Discovery  in  the  Southern  and  Antarctic  Regions,  in 
1839-43. 

t  Plates  I.  to  XXX.  of  the  Pictorial  Atlas  of  Organic  Remains  (from 
Artis  and  Parkinson)  are  devoted  to  Fossil  Plants. 

i  Besides  the  instances  of  thick  coal-seams  mentioned  at  p.  683,  vre 
may  add  thAt  at  Wilkesbarre  in  Pennsylvania  an  anthracite,  30  feet  thick, 
ir  worked;  and  near  Cracow  in  'PoVkh'^  \kerc«\a  ^<i»^V>\^^  between  40 
--•  -  '•^-  thick. 
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^  (iron-py rites),  in  eome  examples,  permeates  the  en - 
getable  tissue  j  in  otliers,  the  BterriB  and  leaflets  are 
d  bj  white  hydrated  silicate  of  aliimma  (pholerite)  ;* 
taiauj,  by  crystals  of  galena,  or  sulphide  of  lead,  and  of 
or  sulphide  of  zinc.  lu  the  aandstoneEs,  the  sterna 
enerally  a  carbonaceous  crust,  aud  their  internal 
re  is  sometimes  found  in  a  calcareoua,  and  occasionally 
Lctfied,  state. 

ICoal- plants  which  have  been  accurately  determined  t 
f  to  some  hundreds  of  species,- of  which  two-thirds 
ber  members  of  the  family  of  Ferns,  or  belong  to  ex- 
Wers  of  plants  that  united  tlie  chaTacters  of  the  ex- 

Eyptogamic  and  gjTnnospermous  classes 4  The  re- 
consiat  of  Coniferji?^  aonie  Cyeadaceise,  and  a  few 
;  monocotyledonoua  or  dicotyledonous  plauta,  §     But 

Ipict  Alias  Org.  Rem.  pi.  B,  figs,  10,  11*     GeoL  Jour.  vol.  iciiL 

pis  **  Steinlcohl  EH -Format  ion  Sachsen^s/*  I8&6,  Dr,  G^mitz  Imn 
k  the  latest  re  stilts  of  his  lonpf  and  diligent  examination  of  greft^ 
I  of  the  plant-remain B  ot"  tlie  coat ;  and  has  shown  Ihatt  from  the 
(  afforded  lay  the  carefully  collected  leaTca,  stems,  roots,  and 
pv,  tnany  of  the  hitherto  accepted  "species"  must  be  merged  to- 
jfdifFerent  parts  of  the  same  plant  having:  been  severally  tegarded 
|enl3  of  distract  plants^  or  variously  coiiditioned  individnals  of  one 
Uving  been  catalogued  fts  dUtinct  f^pecies.  Would  that  there 
be  Brtttah  ^ologiats  able  and  witling  to  rival  G<Eppcrt  and  Geinitz 
laborioua,  conscientiouaj  and  successful  ehicidaiion  of  the  frag- 
UTid  ofieri  ohgcure  relics  of  the  CarbouLlerDua  Flora ! 
|8  the  Lycopodiacenj  and  Coniferffl  meet,  as  far  aa  analogical  re- 

iCB  are  concerned,  in  the  Lepidodendron  ^  and  the  Ferns  and  the 
the  Siffillaria;  whilst  the  Equiactacetc  appear  with  added  cha- 
the  Annuktriee  and  the  Calamites. 
phe  Brongniart's  Memoiri)  on  Fossil  Vegetables— ^especially  his 
^e,"  and  **  Histoire  dea  Y^^taui  Foasiles,"  1828,  and  "  Tableau 
tea  de  Veg^taux  Fussiles,"  1 8 4&— should  be  contiuUed  foF  philo- 
priews  of  the  condition  of  the  terrestrial  vegetation  at  the  Car- 
p  period.  With  reference  to  this  subject  he  observes,  in  Lia 
L  memoir  on  the  genua  Ntsg^erathia  (Annalcs  dea  Sc,Na.L.  1%4S^, 
t^boni/eroaff  Flom  appears  to  have  beea  \muiei  lo  V^k^j  iA  ^iift 
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numerous  species  are  undescribed,  and  new  forms  are  ci 
tinuallj  being  discovered. 

The  British  species  exceed  200 ;  •  I  will  presently  pi 
before  you  a  few  of  the  predominant  forms,  which  will  se 
to  convey  a  general  idea  of  the  nature  of  the  Carbonifen 
Flora ;  for  the  greater  number  of  the  plants  that  are  foi 
in  the  British  coal-mines  also  occur  in  Europe  and  No 
America, — even  in  the  Arctic  regions. 

The  following  tabular  outline  of  th6  characteristic  families  and  gen 
classification  of  existing  vegetables  f  will  be  useful  to  the  student,  w 
referring  the  fossil  plants  to  their  modem  representatives. 

I  .3^  ^Thalogens;  or  Cellular  Cryptogams.  Diatomaceae,  Des 
i  I  diaccee,  Conferre,  Seaweeds,  CharsB,  Mould,  Mushrooi 
^  o  3  ^      Lichens,  &c. 

•|*  Pj  Acrogens ;  or  Vascular  Cryptogams.  Liverworts,  Horseta 
^     O   ^     Mosses,  Club-mosses,  Pepperworts,  Ferns,  &c. 

rMoiiocotyledonous.{^"f°8«°»-    .,<'"T''    P''™'    ^^ 
\     Rushes,  Lilies,  &c. 

Gymnogens ;  or  Gymnospermous  Dicoty 

j      dons.     Cycadaceae  and  Coniferee. 

I  n*    t  1  il  J  ^*06®°*»  or  Angiospermous  Dicotyledo 

C^  ^  I      Most  of  the  European  flowering  he 

and   trees   (except  the  Conifers, —fi 

*"     yews,  &c.). 

That  we  may  have  a  general  view  of  the  Carboniferous  Flora, 

following  synoptical  r6sum6  of  the  specific  determinations  of  the  cc 

plants,  by  Gceppert  and  Geinitz,  is  given.    These  results  are  founded 

a  close  study  of  the  plants  of  the  Upper  and  Lower  Coal  of  Saxony,  cc 

pared  with  those  of  the  coal-measures  of  Silesia  and  other  parts  of 

Continent,  and  of  Britain ;  and  necessarily  afford  valuable  statistics  of 

vegetation  of  the  Coal-period,  although  other  palaeontologists  may 

grand  divisions  of  the  vegetable  kingdom,  namely,  "  les  Cryptogan 
acrog^nes  ou  vasculaires,  et  les  Phan6rogames  dicoty ledones  gymi 
spermes."    See  also  Lyell's  "  Manual  of  Geology,"  5th  edit.  p.  373. 

♦  See  Morris's  "  Catalogue  of  British  Fossils,'*  1854 ;  and  Phillip 
**  Manual  of  Geology,"  p.  226. 

t  See  "Manual  of  Natural  History"  (Van  Voorst),  for  a  derail 
classification.  For  structure,  see  Carpenter's  Microscope,  chapters  6, 
and  8. 
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iclined  to  disagree  in  many  points  with  the  results  at  which  these 
minent  German  geologists  have  arrived. 
'.  Acotyledones. 

1.  Fungi. 

Depazites,  Ezcipulites,  Gyromyces  (one  species  of  each) . 

2.  Equisetaceje. 

Equisetites  (2  species),  Calamites  (6  spec). 

3.  ASTEROFHTLLITiE. 

Asterophyllites  (6  spec),  Annularia  (3  spec),  Sphenophyllum 
(6  spec). 


i  FiLICES. 

a.  Sphenqpterielea, 

Sphenopteris  (18  spec). 
Hymenophyllites  (7). 
Schizopteris  (4). 

e.  Peeopteridea. 
Cyatheites  (10). 
Alethopteris  (10). 
Oligocarpia  (1). 

5.  Ltcopodiace^. 

Lycopodites  (5). 
Selaginites  (1). 
Lepidodendron  (2). 
Sagenaria  (5). 
Lepidophyllum  (1). 
•  Dicotyledones. 

6.  NcEGGERATHIEiE. 

Cordaites  (2). 
Nceggerathia  (4). 
Rhabdocarpos  (4). 

7.  CrCADBiE. 

Trigonocarpon*  (3). 
8,(?) 

Garpolithes  (3). 


b.  Neuropteridea. 

Odontopteris  (3  spec). 

Neuropteris  (5). 

Cyclopteris  (3), 

Dictyopteris  (2). 
d.  ProtopteridecB. 

Caulopteris  (3), 

Palaeopteris  (1). 

Psaronius  (1). 

Megaphytum  (1). 

Aspidaria  (4). 
Halonia  (3). 
Knorria  (3). 
Cardiocarpon  (4). 


9.   COVITEUX* 

•Pinites. 

10.  SlQILLARIiE.f 

Sigillaria  (13). 

11.  SriGMARIiE. 

Stigmaria.:t 


•  Dr.  Hooker  refers  the  fruits  thus  named  to  Coniferee. 
t  Closely  related  to  the  Lepidodendron,  according  to  Dr.  Hooker, 
t  GcBppert  and  Geinitz  regard  the  Stigmariajicoides  as  an  independent 
*&t;  and  consider  others  of  the  so-called  Stigmarise  to  be  the  roota  oC 
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84.  Eqitisetaceous  Plakts.  —  The  stems  of  several 
gigantic  plants  {Calamifes)  allied  to  the  Equisetumfluviatile, 
or  Horse-tail  of  our  marsh-lands,  are  very  abundant  in  the 
coal-measures.  While  the  recent  species  seldom  exceed  two 
feet  in  height,  and  half  an  inch  or  an  inch  in  diameter,  the 
fossil  stems  often  attain  twenty  or  thirty  feet  in  height,  and 


LlGN.   l63.-;-CALAMITE8  FROM  THE  COAL-FORMATION. 

Pig.  1.    Portion  of  a  stem,  with  half  of  a  whorl  of  leaves  or  bracts.    (Half  nat  sise.) 

—  2.    Portion  of  stem  with  roots.    (Half  nat.  sijse.) 

—  3.    Terminal  poition  of  a  stem  [drawn  upside  down].    (One-flfth  nat.  slie.) 

fourteen  inches  in  diameter.  The  Equisetites  coltmnaru 
is  a  common  species  of  this  kind  of  plant  in  the  Lower  Oolite 
of  Yorkshire ;  and  both  the  Calamite  and  the  Equisetite  are 
occasionally  found  in  an  erect  position  in  the  strata.* 

•  See  Dawson's  remarks  on  Upright  Calamites  at  Pictou,  Joum-Geol. 

Soc.  Tol.  vii.  p.  194,  and  vol.  x.  pp.  21  and  35 ;  also  T.T.  Wilkinson's 

BOtice  of  Upright  Calamites,  accompanying  a  considerable  number  of 

i&M/i  upiight  and  rooted  trees  al  BxunaVe^  \  \awv^.  wv^C?ca%K  Hist.  Soc 

?x.  p.  101. 
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Oahmii^g*     The  plants  of  this  extioet  genua  much  reseni- 
ble  the  HorsetaO,  being  forrowed  longitudinally,  and  inter- 
cepted with    joints  or    nodes. 
But  iu  seYeral  points  tKey  differ, 
both  in  external  characters  and 
in  internal  et  ructure  ,*  Cal  am  ites 
ire  80  ahundant  in  the  coal  as 
to  prove  that  they  constituted 
an  important  feature  in  the  flora 
of  the  countries  of  the  carbonic 
feroua  age ;   and  tbey  have  also 
feen  found  in  strata  both  above 
*iul  below  the  coeiI,  and  ran^je 
imthe  Deronianto  the  Perw  '^"'""^*^:™":r*""""' 
mian,  and   probably  to  the  Ju- 
rassic period.     A  small  fra^ent  of  the  termnml  portion  of 
A  Item  J  with  rootlets,  ia   represented    in  Liffn.    1G4,   and 
illuitmtes  the  characteristic  tubercles  aecompanying  each 
Jfftii'uJation,  and  marking  probably  the  place  of  attachment 
of  bracts  ia  the  upper,  and  rootlets  in  the  lower  part  of  the 
stem. 

Tlie  stem  of  the  Calamodeudron  (Brongniart)  consisted  of, 
lit,  an  outer  thin  cylinder  of  bark  and  wood,  of  a  high  or. 
gauization,  externally  marked  with  longitiidinal  furrows  and 
nblets ;  and  2fi(lly,  an  inner  pith  or  cylindrical  axis  of  soft 
tL^ue,  also  ribbed  lengthwise^  but  distinctly  marked  by 
bms verse  joint-like  depression s,  forming  such  articulations 
ia  those  of  the  common  Calamite.  Along  these  cross-lines 
tlie  interrupted  rihlets  of  the  pith  met  and  dovetailed  one 
irith  another ;   and  from  the  upper  end  of  eaeh  riblet,  as 

*  S^B  J.  S,  Dawea  oa  the  Calamite,  Geol.  Soc.  Jouin,  vol,  vii,  p.  19(5 ; 
n^iB  many  references  lo  other  writErs  pn  these  peculiar  fossil  plants  wiU 
b«  met  with.  See  also  Bron^iari^s  ajid  WiUiamjioti's  E lucid aUon  of 
tim  Structure  <if  Calamites  and  Calaii)vdendron»  in  Lyell's '*  Manual^" 
^  edit.  p.  368. 

_  aj 
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in  CalamiteB,  a.  bundle  of  yessele  went  off  into  tbe  out 
^ooiL  _ 

AsterophyUitesJ^  Plan 
with  verticillate  leav 
ar©  common  in  the  coa 
shales ;  thej  have  he' 
named  AsterGphifUiti 
Annuhriaji  Sphen&pht 
luvi,l  &c.  Seteral 
these  slender  whorMe^ 
ed  plant -remains  a 
equiaetaceoua  in  th< 
aspect  J  and  some  we 
tbe  branches  and  fohai 
of  the  Calamodendroj 
Others  were  prohabl 
small  planta  aboundui 
in  the  shades  of  th 
swampy  forests  j  SH' 
others  long  floating  wi 
ter-plants.  Two  of  the  tiftual  forma  are  here  repreaento 
(Lipta.  1G5  and  167, /y.  1). 

85.  EoasiL  Feeks- — The  Bretke  or  Fern  of  our  common 
aud  waste  lands  is  a  familiar  example  of  a  remarkable  a& 
numerous  family  of  plants,  distinguished  by  the  peculffl 
diatributiou  of  their  eeed-vesaels.  The  arborescent  fera 
of  the  tropics  rise  into  trees  from  thirty  to  forty  feet  i 
height,  their  stems  being  marked  with  scars  from  the  decs 
of  the  leaf-stalks,  and  their  summits  covered  with  an  elegai 
cauopy  of  foliage ;  §  their  general  appearance  is  shown  i 

*  Star-leaf.    MedaJs  of  Creation,  p*  146,       |  PeUif,  p,  27,  LipiA 

t    Wed^e-haf    Medali,  p.  148,  Lign.  43, 

\  A  lucid  and  pleading  descriptiQii  of  the  external  features  of  a  tit 
fern  may  be  found  among  the  many  graphic  pictures  of  plants  and  « 
maJs,  of  which  Mr,  Gosae'a  Btiggesti™  work,  entitled  **  Omphaloi/' 
mainJy  composed  (pp.  1^9 --13^)* 


ULojt.  ItiS — AsTFimpirTLHTrJ^  iaui«FnFOKMi»: 
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liffm.  180,  fy.  5,  p-  754.  The  ka?es  of  the  herbaceous 
BI>ecie8  are  very  elegant,  and  preeent  great  variety  in  their 
tbi*nx8,  and  io  the  mode  in  which  the  veins  of  the  leaf  are 


k 


Unjf.  lS«^rttdM  THl  Ca&B{»  IFEfiOtg  STftATJi  AT  B Vltvl  Er  H  OlrElE^   E^CtlTLANIL 

diflposed;  fiwm  the  character  of  the  latter,  M,  Adolphe 
Brongniflrt  has  eKtabliahed  the  generic  distinctions  of  the 
fossil  phmts  of  this  family.  The  beautiful  state  in  which  these 
i-emains  occur  in  the  coal-shale  is  shown  in  the  specimens  be- 
fore us  (Ligm.  lOG,  167,/^.  2,  and  169,/^.  3).  The  young 
and  still  uncoiled  {or  circinate)  leaves,  and  the  fructification 
on  the  back  of  the  adult  leaves,  are  sometimes  preserved. 

The  stems  of  ferns,  with  their  elliptical  cicatrices,  or  leaf- 
sears,  bear  some  resemblance  to  those  of  the  palms,  but  are 
readily  distinguished  on  account  of  the  longest  diameter  of 
the  scars  being  vertical,  while  in.tho  palms  it  is  transverse  : 
sections  of  the  stems  of  these  two  tribes  have  also  distinc- 
tive characters.*  Fossil  fern- stems  are  known  as  Cauhpfe- 
ris  and  Psaronites  f 

•  VigSL  FasaHe^  torn.  L  pL  37.      f  -Stenzel;  Uebet  li.Ta-^MXT.tXTxA^'^ 
3  B  2 


rio 
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The  krge  tree-fefos  mre  eonlned  wha<mt  etdoui^j  to  the 


trDpici ;  liomidity  and  heat  l>emg  the  conditions  most  fa- 
vourable to  their  development. 
In  the  carboniferous  rocks 
there  ai^  about  100  species  of 
ferna,  nearly  all  of  which  be- 
long to  the  tribe  of  I*oIt/podi^ 
C€<B ;  the  common  I'oi^podiff 
80  freqnent  on  old  walk,  will 
4;oDvey  an  idea  of  the  charac- 
ters of  their  foliage.  The  fflfi- 
iil  Pipecies  present  great  vanetj 
and  elegance  in  the  form  and 
disposition  of  the  fronds  juad 
pinnules.  The  PecapteriB  {Lign.  167,  ^^.  2,  and  108^  a 
genus  containing  upwards  of  forty  Britiah  species,  is  of  fre- 
quent occur rence  in  the  coaUshales,  and  abounds  also  in  the 
Lower  Oolite  of  Yorkshirt;.* 


•  See  Medhh  «f  Creation,  pp.  \Qi^— \14,  Iqt  ?L^it?a  md  descriptions 
'   ^n,     h\m  BrQtin'fl  LetJwEa  Geogu,,  Sl^ 
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36.  SiQTXTiAHTA, — ^AmoDg  the  most  eommon  and  Btrikirig 
*jecfc3  that  arrest  the  attention  of  a  person  who  vibits  a  coaJ- 
ine  for  the  iirst  time,  and  examines  the  fossil  remains  pro- 
selj  scattered  around  hitn,  are  long  flat  narrow  slabs  of  a 
alj  aiibstancejhavin«:the  surface  fluted  longitudinally,  and 
liformly  ornamented  with  rows  of  deeply  imprinted  sym- 
jtrical  figures,  disposed  with  great  regularity  {Lign.  1C9). 
leae  relics  are  the  flattened  stems,  with  or  withotit  the 
rk  or  rind,  of  trees  of  large  size :  the  imprinted  markings 

the  surface  being  the  scars  left  by  the  eeparation  of  the 


r 

^K  \,  eiffllArln  Vcilttltt A^>l>>  tlie  anthracite  ontEdEia ;  d^  the  eat«Tfiftl  turTacfl  ;  b^thn  iniftcr 
^M  unr^Ctf  t  o^  portion  ut  the  UntEjr  b»Tk  bFinf^  r^EnDT«d< 

"**    1^  R%[IliLria  SUUtdflnlT  frutn  the  i;;oBl-inineK  (if  Pdnniyivmila. 


LtOJi.  ICT -SseJiJJkiii.i:  abv  Fesis,  Fftoii  Tire  CoAL-wiusviLXri. 


Btiolea  or  leaf*atftlks  *  The  name  BigiUaria  has  been 
fen  to  these  estinct  trees,  from  the  impressions  appearing 
I  if  made  by  a  seal  or  die.  These  sterna  are  generally 
and  broken  to  pieces,  and,  when  lying  in  a  liorizontal  posi- 

•  The  Tiniirkings  left  on  a  cabliAge -stalk  by  the  removal  of  the  le  avfia 
i_oiA  similar  nature.  Figures  of  Si  gill  aria  are  given  in  Plates  XIX,  aM 


r  the  Pi€tor.  AUas  Org.  Rem, 
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tion  in  the  strata,  are  quite  flat  firom  the  preaaure  (rf'  the 
Buperincambent  deposita. 


LIOK.  170.— SlOn.T.AKU  SArUI,  A  POBTIOX  OP  A  rLATTKSIXD  I 
FBOM  THE  OOAL-MSASr&ES. 

«.  Extenial  lorfiiee  nuu-ked  bj  the  ican  of  the  petioles. 
h.  The  inner  botCmm  exposed  bj  the  remoTal  of  the  iMrii. 

The  stems  vary  from  a  few  inches  to  three  feet  in  cir- 
cumference, and  specimens  have  been  discovered  that  in- 
dicate a  length  of  sixty  feet.  They  often  escape  compres- 
sion, and  stand  perpendicularly,  intersecting  the  horizontal 
strata,  and  having  roots  proceeding  from  the  base.  They 
are  generally  surrounded  by  an  envelope,  an  inch  in  thick- 
ness, of  fine,  crystalline,  bituminous  coal.  The  longitudinal 
plaitings,  which  are  the  characteristic  marks  of  the  Sigil- 
larise,  are  commonly  indistinct  at  the  base.  A  specimen 
figured  in  the  beautiful  and  highly  interesting  work  of  Lind- 
ley  and  Hutton*  was  ten  feet  high,  and  two  feet  in  diameter 
at  the  base  (Xtyn.  171).  Its  roots  were  in  shale,  imme- 
diately above  the  main  bed  of  coal,  and  the  trunk  extended 
eral  strata  of  ^Viale  and  sandstone. 

**  The  Foaw-V  YYowi  ol  Gteax  ^\\V»:mr 
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The  S{^iUana  waa  a  tall  tree,  with  a  bare  trtrnk,  regularly 
fitted  by  the  leaf-scara.  It  bninched  at  the  sumuiit,  aud 
©ppeara  to  have  borne  long 
:]iarrow  leayei.  Its  finiit  is 
not  known.  In  its  internal 
atructurey  which  has  been 
examined  by  Brongniart, 
King,  Hooker,  Bowman, 
Dawson,  and  others,  the  Si- 
pillar m  eho  wb  much  analogy 
to  that  of  the  Cycadem,  but 
exhibits  also  the  scalar i- 
form  tissue  of  the  Acro- 
genM\  arid  is  regarded  as 
of  higher  organiz.ation  than 
theLepidodendran,  and  be* 
longing  to  a  peculiar  famUj 
of  the  great  division  ot 
Gymnospermous  Dicotyle- 
dons.* It  was  a  plant  con- 
sisting of  soft  areular  tis- 
sue,  with  a  hard  woody  lion,  itv^-^stkh  or  sidiLLARiA  ^ach^- 
central  cylindrical  aiis,and  *'^'^*  -  ^"^  *^'  ^^^^  *^'  '^'*^**'  *^^ 
a  bard  bark.  There  are  many  species  known  of  this  ei- 
tinct  genus.  The  Bigillari^  abounded  in  the  swampy  jungles 
of  the  Coal-period,  and  have  evidently  supplied  the  chief 
mass  of  the  now  carboiiiied  material  of  most  coal- seam s^ 
whilst  their  roots  {Stigmari^)  still  permeate  the  underclass 
in  every  direction, 

37,    STiGUAEiA.f — The  fossil  vegetables  known   under 
this  name,  which  are  so  abundant  in  the  underclay  of  the 

•  See  Dr.  Hooker's  Remaj'ks  on  A%*Yferia,  Mem.  GeoL  Surrey t  toI. 
ii,  purt  2,  p,  421 ;  ajid  King  on  Siffiiluria,  Edinb.  N*  Pkil,  Jouru,,  IS44. 

t  Dn  Hooker's  Memoir  on  Stiff maria,  Mem,  Geo\.  ^Miv,^^/vi..^^x'v 
^  p.  43i}  Khi^  he.  cU,i  Med^h,  p,  132,  &c. 
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coal-beds^^  long  excited  ihe  cimosity  of  collectors,  and  set  at 
defiance  all  attempts  to  determine  their  botaoioal  ebarac- 
ters,  until  recent  diacovenes  proved  the  correctness  of  M. 
Atlolphe  Brongtii art's  conjecture,  that  they  were  the  roots 
of  BigUIarim,  These  todies  are  of  a  aub-cjlindrieal  form, 
reaching  sometimes  sereral  feet  in  length,  and  are  often  ten 
or  tvvelve  inches  in  circumference.  The  surface  is  covered 
with  oval  or  circular  depre^siona  with  a  small  tubercle  in  the 


c^^^g^^ 


—  a.  one  of  i^K  r^titu,  wUb  a  £orT«i»tndin^  tubercl«>  to  duiw  IM  iiioa:«  of  Krtteolatloa* 

middle,  disposed  in  quincunx  order.  When  broken  across, 
a  small  cylindrical  axis  op  core  is  found  to  extend  long^ 
tudinallj  throughout  the  stem  (Li^n,  172).  "Wlien  obserred 
in  the  underclayj  long  tapering  fibres  or  rootlets  are  found 
attached  to  the  tubercles  of  the  pits  with  which  the  surface*  ifl 
covered  j  and  these  are  sometimes  several  feet  in  lengtli. 

•  Prof.  Gceppert  has  remarked  that  StigmatM^^ide*  may  be  regard- 
ffd  a3  one  of  the  most  previilenl  oi  Xbe  i^o^l-^lanis.    *'  E'ln-mid-diek^z* 


STIGMARU. 
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The  iiiteriial  stracture  of  the  Sfi^mri^e  preaentB  a  ligneoua 
»xiB,  or  cjliudrical  woody  bundle  of  vessels,  origiimllj  tm- 
^ersing  tlie  centre  of  the  pithy  root,  but  in  the  fossil b  genr r- 
sMy  lying  nearer  to  one  side  than  the  other  of  the  more  or 
leas  compreseed  root,  owing  to  its  haying  sunk  in  the  softened 
tissue  during  the  rotting  of  the  pith,  and  before  the  root  was 
fossilized.  This  woody  axis  reserubles  the  woody  zone  found 
ia  aectioua  of  the  Sigtllariw,  except  that  the  ring  of  medullary 
tissue  possessed  by  the  latter  is  wanting ;  a  diifcrence,  as 
AA.  Brongniart  remark  a,  precisely  similar  to  that  existing 
between  the  roots  and  the  stems  or  branches  of  a  dieotyledo- 
Boiis  tree,  in  which  the  woody  cylinder  is  associated  internally 
with  bundles  of  meduHaiy  tisane,  that  are  abseat  m  the  roots 


o*  The  tranlt  tra^entnff  k  b*d  DtftMl. 

*,  The  roota  i^li^mati^]  mp^eaiing  o&t  in  iht  tLai/cieUj. 

of  the  same  tree.     This  opinion,  long  since  adranced  by  the 
eminent  French  savant,  has  been  confirmed  by  Mr.  Bli\ji^^'?, 
diseoTeiy,  m  the  coalstnita  at  St.  Helen's  iife^T  AJvi^^c^i 
f&n  upright  stem  of  a  JSigiUarm.vmit  fe^t\A^,m^V  Vk^ 


k 
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Dota,  fieveral  feet  long,  attache  dj  and  extendiDg  in  the  under- 
lay in  their  natural  poaition  (as  shown  in  Lign.  173)  \  thesi^e 
jots  being  undoubted  Stigmarim.^ 

In  the  floor  ef  the  Victoria  Mine,  at  Dunkinfield  near 
[anchester,  at  the  depth  of  11  CM)  feet  from  the  surfaeej  IVIr. 
inney  diseovered  a  magnificent  specimen  of  Sigillaria,  which 
diibited  on  ita  at  em  the  reapectiye  characters  of  three  sup- 
Dsed  species  {B.  pachyderma^  r&mformiMj  and  orgmiurn)^  and 
id  stigmaria-rootB,  which  were  traced  twenty  feet.t 

In  the  Sidney  coal-field,  at  Cape  Breton,  several  upright 
;ems  of  SigiiJ arise,  having  roots  that  are  undoubted  Stig- 
lariie,  have  been  discovered;  and  in  the  Pictou  coal,  in 
fova  Scotia,  the  same  fact  has  been  noticed,  and  communi- 
ated  to  tbe  Geological  Society  of  London,   (See  also  p.  689.) 

Tke  Eer,  Henry  Steinhauer  was  among  the  first  to  re- 
gard the  Stigraarias  aa  rooU  of  trees,  in  an  interesting  and 
lell-iUustrat^d  memoir,  entitled  *'FoBsiiBeliquia  of  Unknown 
Vegetables  in  the  Coal-strata  **  (Transact.  Americ.  Phil.  Soc. 
S&w  Series,  voL  i.  p,  273,  1818).  Lindley  and  Hutton 
quoted  Steinhauer^ 3  observations,  and  described  tbe  Stig- 
mnm  m  radiating,  massive,  floatitig  aquatic  plants.^ 

Prof  Goeppert  has  evidence  to  show  that  some  of  tbe 
StigmariBB  were  great,  branching,  and  even  anastomosing 
rtwts,  or  rhizodes^  of  water-plants ;  and  resembled  the  spread- 

•  Phil.  Mag.  3rd  s^r.  vol,  xxvii,  p.  241.  Report  Brit  Assoc,  1843. 
httml  mterestiuf  eommiiuicationB  on  th^oal-plants  apd  the  coal-Tiiea* 
WMSTuay  be  found  in  thene  valuable  Heports;  foj-  instance,  Mr*  Buddie's 
leport  on  the  Newcastle  Coal-measurea,  in  the  Tolume  for  1&38 ;  Mr. 
If  line  isn  the  Berwick  and  North  Durham  Coat-field,  1838  ;  Mr.  Binney 
^  the  Lancashire  Coal-fields,  1842,  and  by  Messrs.  Heywood  and 
Williamson,  1837  ;  Lord  Greenock  and  Mr.  Craig  on  the  Scotch  Coal- 
Wds,  1834  and  1940;  &c. 

f  GeoU  St»c.  Jonm,  toL  ii.  p,  390,  Over  the  door  of  the  room  con- 
llmiiK  tbe  fossil  vegetables  in  the  British.  Museum,  there  ia  a  Stlgmarla 
irescj-tix  feet  long,  ^ith  numerous  rootlets. 

*  See  '*  Fossil  Flora  of  Greiit  Britain;  "  and  BvicUkTv^'*  "'&x\H'^- 
rtter  Treatise, " 


k 
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ing  Toota  of  the  great  water*lilieB,  Thus  far  Lmdley'a 
hypothetical  refereuoe  of  the  StipnariBe  to  aquntic  planta  is 
partially  supported;  but  Brongnmrt,  Bmuey,  Bowman,  King, 
Brown,  DawBcn,  aad  others  have  brought  forward  good 
eTideBce  of  the  majority  of  the  Stigmarian  bodies  beiBg 
really  the  a  tools  and  roota  of  trees. 

Ajs  there  is  considerable  variety  in  the  form  and  disposi* 
tion  of  the  tiibercles  of  the  Stigmariie,  it  is  probable  that 
some  of  them  may  be  the  roots  of  other  trees  of  the  car- 
boniferoufi  deposits,  with  the  atoms  of  which  they  are  asso- 
ciated.* 


[Irvm  tJw  Gtnl.  Sire.  JsttniL  *ol.  1t-  p.  4T  t 
UOS.  17I.-BASE  Qt  Tfll  BTSM  OF  A  TttXE  WITH  STlO II AWrXK  MOC^IS  J  from  C^pc  BlltO*^ 

At  A.r  Bf  0,  D,  there  were  porUunt  of  »  cewly  htsk, 

Mr.  Bichard  Brown  has  described  t  a  rooted  stem  (£if»- 
175),  found  by  him  m  the  CoaUmeaaures  of  Cape  Breton,  m 
that  of  a  Lepidodsndri^n^  Sir  C,  Lyell,  however,  refers  it  to 
%i/kri«4  ^«  ^^^^  recollect,  in  this  instance,  that  there 
are  some  apecies  which  it  is  difficult  to  define  generically 
either  as  Sigillaria,  Sagenaria,  or  Lepidodendron,  bo  aimilnr 
j^ometiraea  are  the  features  presented  by  the  stems,  or  rather 
parts  of  the  atoms. 

•  Such  as  Sagenaria,  &c.    See  Oojpp^Tt's  und  Geinit^'a  Memoiri. 
f  Quart.  Jotirn.  Geo\.  S<m:.  vo\,  \^.  ^. « ^ 
t  Manual,  5\h  edit.  p.  ^1^^ 
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38.   LEPiuoDliFDROir.*' — This  belongs  to  a  tribe  of  plants 
whiok  has  largely  contributed  to  the  formation  of  tlie  coal- 
strata,  and  whose  remiima  rival  in  number  niid  ma^itude  the 
Kamitea  and  Stgill arise.  The  name, 
ch    Bignifiea  Scal^-tree^   is   de- 
rived  irom  the  imbricated  appear- 
Hfice  of  the  auriace  of  the  stem,  or- 
(liioned  by  the  fonn  and  arrangi^- 
ment  of  the  little  angular  imprints 
Of  soars  left  hj  the  removal  of  tht^ 
kaf-£talks  {Li^n^.  176,  177).  Somo 
of  these  trees  Uave  been  found  al- 
most entire,  from  their  roots  to  th<- 
I  topmost  branches  J   m  in  the  ex- 
Mmple   here  figured   (Li^n.   176J, 
■iiich   was    nearly    forty  feet    in 
Tetigth.     The    foliage    cortBiste    of 
iimple  linear  leaves,  which  are  8pir- 
%  arranged  around  the  atemj  and 
appear  to  have  been  shed  from  the 
base  of  the  tree  with   age.     The 
totrkinge  produced  by  the  attaeh- 
fflent  of  the  leaves  are  oever  ob- 
literated.    In  their  external   con- 
fi^i ration,  mode  of  ramification,  and 
%jasition  of  the  leaves,  and  in  some 
points  of  their  internal  structure, 
tlieae  trees  accord  closely  with  the 
hf€opodiacea?,  or  Gub  -moases .  Tb  e  se 
IPe  small  herbaceous  plants,  inhabit- 
ing woods  and  bogs  j  their  leaves  are 
itmple  and  imbricated,  that  is,  lie 
orereach  other  like  scales.   Most  of 
^m  trail  on  the  ground,  but  a  few 

♦  Booker,  M&m.  Geol  Saw.  yqL 


A  fiftii  trrt,  tMrteeii  aod  a  ha}/  fit* 
vrid*  ^t  the  baut  P*»*'  ihirtyt-Himr 
/ewt  itmg^ 
^nuli  a  »p?cii£imK  bot  without  It* 

BvnftVLtiu  coal-ivjua^  in  the  Jitrow 
etiAl-fleld :  MS  (be  "  FomU  Florm," 
PI.  30a. 


ii.;  MedaK  ^.  IB&. 


\ 
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species  are  erect ;  *  the  tropical  forms,  which  are  the  largei 
do  not  exceed  three  feet  in  height.   But  notwithstandinis  tli 


Lioy.  177.— Fig.  1.— Terminal  po&tion  of  a  branch  of  Lkpidoobnuron.    Coal-shs 
Newcastle. 

Fig.  2.— Scars  of  petioles  (nat.  size). 

disparity  in  size,  M.  Brongniart  has  shown  that  the  Lepi 
dendra  must  be  regarded  as  gigantic  plants  closely  allied 
this  family.  They  may  be  regarded,  in  fact,  as  arboresc 
LycopodiacesB,  comparable  in  size  to  the  largest  pines ;  i 
they  formed  extensive  forests  during  the  CArbonifer 
•  Such  as  Lycopodium  denaum  ;  \looVeT,'NV.eTcv,QfeQ\»8\irv.  vol.  ii. 
2,  p.  423 


}  88.  [LEPIDODEXDBON.  751 

period,  beneatb  whose  shade  flourished  the  lesser  ferns  and 
associated  plants. 

The  fruit  of  the  living  Club-mosses  is  an  oval  or  cy- 
lindrical cone,  which  in  some  species  forms  an  imbricated 
spike  at  the  extremity  of  the  branches  ;  and  there  are 
numerous  fossil  fruits  of  this  kind  found  together  with  the 
stems  and  leaves  of  the  Lepidodendra,  and  in  some  instances 
attached  to  the  branches ;  they  have  received  the  name  of 
Lepidostrohi^  or  scaly-cones.* 

Besides  being  preeminently  a 
coal-plant,  the  Zepidodendron  is 
found  in  the  Devonian  strata  of  the 
United  States,  of  Caithness,  and 
Thuringia;  and  in  the  Mountain- 
limestone  of  Northumberland.t 
It  occurs  also  in  strata  of  Carbo- 
niferous or  Devonian  age,  both  in  ^ 
Australia  and  South  Africa. 

Long  narrow  branches,  covered 
witb   numerous    small  leaves  or 

-         .  •     j.i_  1  Lion.  178.— Trantrene  sectton  of  • 

bracts,  occur  in  tne  coal-measures,      portion  of  the  stem  of  a  recent 

which  are  regarded  as  being  fossil  ^J^^^""*  *"**"•"  highly  m.f- 
forms  of  dub-mosses,  and  are  term-  •,  &,  Poruont  of  concentric  an- 
ed  Lycopoditea.     Similar  plant-re-  nuai  layer.. 

mains  have  been  found  in  the  Tertiary  and  Oolitic  strata, 
and  some  of  these  have  been  correctly  referred  to  the  Co- 
siferse.  Indeed,  the  Dacrydivm  cwpressinum  of  New  Zealand, 
with  its  long  pendant  lycopodial  branches  and  regularly  scar- 
red stem,  and  other  similar  conifers,  should  remind  us  that  the 

•  Pict.  Atlas,  pi.  ix.  f.  1,  and  pi.  xxxiii. ;  and  Medals  of  Creation,  Lign, 
40.  The  structure  aud  afiKnities  of  the  Lepidostrobi  are  well  worked 
out  and  illustrated  by  Dr.  Hooker,  in  the  Mem.  Geol.  Surv.  vol.  ii.,  where 
Lepidodendron,  Sigillariae,  and  Calamites,  &c.,  are  also  made  the  subjects 
of  elucidation. 

•f  Tate,  Fossil  Flora,  of  the  Mountain  Limeslotie,  ^.  *1S1 . 
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external  form  of  one  family  of  plants  is  imitated  by  another 
It  is  from  the  fructification  that  the  most  decided  characten 
of  plants  can  alone  be  drawn. 

39.  CABBONiFEEOxrs  Teebs  and  Plants.* — It  was  form- 
erly supposed  that  no  vestiges  of  coniferous  plants  and  trees, 
which  occur  so  abundantly  in  the  secondary  formations,  were 
present  in  the  coal ;  but  Mr.  Witham,  by  microscopical  ex- 
amination, ascertained  that  trees  of  this  type  constituted  nc 
inconsiderable  portion  of  the  flora  of  the  carboniferous  epoch; 
and  remains  of  this  order  have  since  been  detected  in  the 
Devonian  and  every  formation  of  later  origin.  The  recent 
coniferad  are  arborescent,  dividing  into  numerous  branches, 
which  are  disposed  in  most  genera  with  considerable  regu- 
larity. The  transverse  sections  of  the  wood  exhibit  con- 
centric annual  lines  of  growth  (as  in  Lign,  178),  and  the 
vertical  show  the  sides  of  the  woody  fibres  studded  witl 
little  pores  or  spots  (Lign,  179). 

Some  of  the  fossil  trees  resemble 
the  European  pines  in  their  in- 
ternal structure :  but  the  greater 
number  belong  to  the  Araucariaii 
type,  which  is  characterized  by  th( 
rows  of  spots  being  disposed,  whei 
double,  not  side  by  side,  as  in  Xtyff 
179,  but  alternately,  as  we  hav( 
previously  explained  (p.  713). t 

The  coniferous  trees  J  of  the  coa 
have  but  few  and  slight  appearancei 
of  the  lines  by  which  the  annual  layers  are  separated,  and  re 
semble  in  this  respect  the  existing  species  of  tropical  regions 

♦  Medals,  p.  164,  &c. 

f  In  the  Royal  Gardens  at  Kew,  there  are  several  flourishing  trees  c 
the  A,  excelstty  and  other  kinds  of  AraucarisB. 

I  Witham,  op,  cit, ;  and  Quekett,  Catalog.  Foss.  Veget.  Hunteri* 
Museum,  pp.  27  and  28. 


Lign.  179.— Longitudinal  section  of 
pine- wood,  parallel  to  a  medullary 
ray ;  showing  the  rows  of  spote 
or  pores. 
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we  may  therefore  infer  that  the  seasons  of  the  countries 
where  the  coal-plants  flourished  were  subject  to  but  little 
diversity,  and  that  the  changes  of  temperature  were  not 
abrupt. 

In  a  quarry  at  Craigleith,  near  Edinburgh,  at  a  depth  of 
140  feet,  part  of  the  trunk  of  a  very  large  coniferous  tree 
was  discovered :  its  length  was  thirty-six  feet,  and  the  circum. 
ference  of  the  base  nine  feet.  Polished  sections  of  this  stem 
beautiftdly  display  the  coniferous  structure.  A  tree  fifty- 
nine  feet  long,  traversing  twelve  beds  of  sandstone,  has  since 
been  exposed ;  and,  as  is  commonly  the  case,  the  bark  was  car- 
bonise, and  the  woody  stem  was  in  some  parts  in  the  state 
of  sandstone,  and  in  oilers  silicified. 

Numerous  seed-vessels  have  been  found  in  the  coal-measures,  and  are 
known  as  Cardioearpon,  Khabdocarpoty  CarpoUtes,  and  Trigonocarpon. 
The  relations  of  these  fruits  are  mostly  very  obscure.*  The  Trigonocarpa 
have  been  referred  by  some  to  palms,  and  by  others  to  Cyeads ;  but  Dr. 
Hooker  has  shown  f  that,  although  certainly  having  characters  of  struc- 
ture as  closely  related  to  the  Cyeads  as  to  the  Conifers,  yet  it  is  to  the 
latter  that  the  weight  of  the  eyidence  tends  to  refer  Uiem ;  and  he 
especially  points  to  the  peculiar  coniferous  genus  Salisburia  (a  native 
of  China),  as  presenting  a  fructification  similar  to  that  found  in  Trigono- 
carpon. Dr.  Hooker  mentions  also  that,  as  Dr.  Lindley  has  pointed  out, 
the  foliage  of  Salisburia  also  affords  a  modem  analogy,  for  the  fossil 
leaves  called  Noeggerathia,  which,  with  some  Trigonocarpon-like  bodies, 
M.  Brongniart  has  referred  to  the  Cycadaceae. 

Dr.  Hooker  has  described  a  fragment  of  cycadeous  wood  from  the 
Durham  coal-field ;  {  and  in  1844,  M.  Goeppert  had  recognised  in  the  car- 
boniferous rocks  of  Europe  four  species  of  fossil  plants  which  he  con- 
sidered referable  to  the  Cycadaceae.  § 

^o  well-authenticated  remains  of  palms  occur  in  the  coal- 
strata. 

•  Fiedler ;  Foss.  Friicht.  &c.  1857.    f  Proc.  Roy.  Soc.  vol.  vii.  p.  28. 

X  Mein.  Geol.  Survey,  vol.  ii.  part  2,  p.  421. 

%  Annals  Nat  Hist.  vol.  xv.  p.  442.  For  figures  and  descriptions  of 
recent  and  fossil  cycadeous  plants,  see  Buckland*8  Br\d^.  Tte^aX.  \.  4<^<V^ 
and  Medals,  p,  250 

do 
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40.  FlOBA.  OF  TttB  Co^L.  A  moTB  extended  noticse  of  the 
toaml  plaTita  of  the  carboniferous  system  m  not  within  the 
scope  of  these  Lectures^  and  we  will  now  take  a  brief  review 
of  the  principal  facts  that  have  been  submitted  to  our  notice. 
We  have  seen  that  the  moat  remarkable  character  of  the 
liora  of  that  remote  epoch,  is  the  immense  numerical  as- 
cendance of  certain  peculiar  tribes  of  cryptogam ic  plants^ 
which  amount  to  at  least  two-thirds  of  the  whole  of  the  speciea 


1,1  raj*.    18fl.— RECKKT  ASH  fiTLTISCT  TRBEB- 

3.  Artorwsent  Fera  {AfiPflgtftJ 


fig-,  1.  AraiiCiiritt  (Qrmnagen).    ^.  FmdAtHW  CEndn^enV, 
1,  LepfdQdendtvn  t^BH^' 


hitherto  determined.  With  these  are  associated  some  coni- 
ferffi,  a  few  eycadaceBe,  and  some  rare  phanerogamic  plants. 
The  vast  preponderance  and  magnitude  of  the  vegetables  bear^ 

ing  an  analogy  to  the  tribes  \iotV  o^  a.Q,tQ%eua  and  of  gytnno- 

fensf,  but  diiferiiig  itom^jC^^'im.'^^^'^''^^ 


p 


<  ^  FLORA  OF  THE  COAL  7^5 

therefore,  the  moat  impartant  botanical  feature*  TLus  we 
have  plania  related  to  the  horsetail  {Galamites)f  eigliteen 
inchea  ia  circumfereDcej  and  from  thirty  to  forty  feet  high  ; 
arborescent  cliib-mosBea  {Lepidodendra)  attaining  an  altitude 
of  ditj  or  seventy  feet  j  other  great  lycopodiaceoua  trees 
{Bi^illarim)  fifty  feet  in  height;  besides  tree-feme,  and  a 
multitude  of  minor  acotyledonous  plants,  with  coniparatiFely 
few  coniferous  trees.  The  contrast  which  such  a  flora  pre- 
Rents  to  that  aiforded  hy  the  woods  and  forests  of  dicotyle- 
donous trees,  and  the  verdant  turf,  which  now  grow  on  the 
surface  of  the  carhoniferoua  districts  of  England,  is  as  strik- 
ing as  the  discrepancy  between  the  aoology  of  the  palseozoic 
lommtions  and  that  of  the  present  day.  In  Lign.  180,  figs* 
1,  %^  and  4  represent  some  of  the  chief  tree-like  Ibrma  whicli 
flourished  in  the  carboniferous  era,  namely,  tte  coniferous 
Armearia  or  Norfolk  Island  Pine  (which  is  at  the  present 
daj  the  beat  representative  we  have  of  some  of  the  woody 
trees  of  the  Carboniferous  and  Permian  periods),  the  crypto- 
gamie  Tree-fern,  and  the  lycopodiaceous  Lepidodendron  (no 
ionger  represented  by  living  species) .  The  Screw -palm  or 
^mdanusj  introduced  in  the  sketch  {Li^n.  180,  fig,  2)  as  an 
*sample  of  our  endogenous  tree,  appears  to  have  its  earliest 
pTogenitora  in  the  Jurassic  period, 

Tn  arrive  at  any  satisfactory  conclusdoii&  as  to  the  nature  of  the 
countries  which  sapportad  the  plants  &f  llie  coal,  wu  must  consider,  lel^ 
the  gieographical  distribution  of  the  leUted  existing  genera  of  plants,  and 
tti5  Circumstances  which  conduce  to  their  full  development  |  -and  *2ndlyi 
^-  probahle  hydroj^aphical  conditions  of  the  eartk'a  surface  at  the  coal- 
Ptttod.  It  i*  well  known  that  a  hot  climate,  humid  atmosphere,  and  the 
liaT^mg  temperature  of  the  sea  ar<?  the  circumstances  which  exert  the 
most  faTOQrahle  influence  on  the  ^rowtii  of  Fema  and  other  cryptognmic 
F^wii*;  low  ielandsi  in  tropical  latitudes  being  the  localitieB  lahere  these 
fen  of  Tegetation  flourish  most  luxuriantly.  From  the  relative  pro- 
V^t^m  of  land  and  water  then  probably  esistinir  in  this  region,  we  may 
^tttfer  i^t  the  coun tries  in  which  the  ''carboniferous"  flora  grew  were 
3  c  2 
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groups  of  extensiYe  islands  enjoying  a  subtropical  climate.*  In  the 
paucity  of  the  gramineae  or  grasses,  which  form  so  large  a  proportion  of 
the  existing  floras,  and  the  predominance  of  ferns,  the  vegetation  of  the 
coal-measures  approached  in  some  respects  that  of  New  Zealand,  in 
which  the  cellulosae  form  one-third  of  the  whole,  while  the  grasses  aie 
very  few  in  numbet.f 

From  the  researches  of  Elie  de  Beaumont  %  and  Godwin-Austen,§  who 
have  constructed  approximative  charts  of  the  carboniferous  area  of  Western 
Europe,  we  know  that  the  coal-measures  and  the  itaountain-limestone  were 
deposited  for  the  most  part  amongst  an  extensive  archipelago,  of  which  some 
districts  of  Scandinavia,  Scotland,  Ireland,  Wales,  Cornwall,  France,  and 
Northern  Italy  formed  parts.  ||  Considerable,  but  isolated,  areas  of  coal- 
deposits  were  formed  in  lakes  on  the  table-land  of  what  is  now  Central 
France ;  and,  according  to  Mr.  Godwin-Austen,  equally  extensive  lake- 
systems  gave  origin  to  the  old-red  sandstones  and  conglomerates  %  of 
Scotland  and  Ireland,  and  probably  of  that  of  South  Wales  also 

41.  Atmosphebio  conditions  DiJBiNa  THE  Caebonipib- 
ous  epoch.  —  It  appears  remarkable  that  amidst  the  lux- 
uriant vegetation  which  prevailed  on  the  dry  lands  during 

•  See  chap.  vii.  of  Lyell's  "  Principles  of  Geology,"  for  the  full  con- 
sideration of  probable  climatal  conditions  with  given  proportions  of  land 
and  sea. 

+  See  Medals  of  Creation,  vol.  i.  p.  210 ;  and  Lyell's  "  Principles," 
p.  87.  t  See  Beudant's  (jdologie, 

§  See  Quart.  Joum.  Geol.  Soc.  vol.  xii.  pi.  i 

II  A  very  important  feature  of  this  old  archipelago  was  a  narrow  tract 
of  land,  or  of  shoals,  reaching  from  the  Franco-Belgian  frontier  to 
Somersetshire  and  the  south  of  Ireland ;  now  recognised  chiefly  in  the 
Ardennes,  on  the  east,  and  the  Mendips  on  the  west,  and  by  the  presence 
of  the  elevated  and  denuded  valley  of  the  Weald,  and  by  other  geo- 
logical features  along  its  line.  As  the  coal-measures  and  the  coal- 
bearing  mountain-limestone  lie  against  the  flanks  of  this  old  transverse 
ridge,  and  as  it  is  not  covered  up  by  the  whole  series  of  the  secondary 
strata,  but  only  by  the  cretaceous  and  tertiary  series,  it  is  considered 
probable  that  coal-beds  might  be  found  at  much  less  than  2000  feet  be- 
low the  surface  in  the  neighbourhood  of  London  ;  especially  as  coal  ^ 
already  been  met  with  in  a  deep  boring  at  Calais,  on  the  same  line  of  old 
rocks.  At  Harwich,  a  deep  boring  has  reached  this  subterranean  ridge  at 
about  1000  feet  in  depth ;  but  it  is  there  composed  apparently  of  rocks 
older  than  those  of  the  coal -series* 
V  Quart.  Joum.  Geol.  Soc.  yo\.xv\.  ^«^\,  &.t. 
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thfe  CarboniferouB  epocli,  there  should  not  ha?©  existed  con- 
temporaneous herbivorous  quadrupeds  j  but  not  a  relic  of 
atiy  animal  of  this  kind  has  been  discovered  in  the  coal -strata. 
Indeed,  with  the  exception  of  the  Iguanodon  of  the  Wealdeu 
[m  p.  436),  no  remaiuB  of  large  vegetable  feeders  *  have  been 
found  in  any  of  the  deposits  anterior  to  the  eocene j  in  which 
first  appear  relics  of  the  herbivorous  pachyderms.  The  coaU 
measTires  of  Nova  Scotia  alone  present  vestiges  of  phyto- 
piigoua  terrestrial  mollusca. 

It  WHS  nn  opinion  once  very  generally  entertttined,  and  the  idea  itill 
*eema  to  find  favour,  that  previously  to  and  during  the  Carboniferovii 
period  the  atmosphere  was.  so  charged  with  carhonlc-acid  ^^  as  to  be 
mi  fitted  for  ihe  reapiratltjn  of  animals  of  a  higlier  order  than  replilea ; 
knd  that  tbe  dense  and  luxuriant  vi^getation  of  that  epoch  was  designed 
to  tturify  the  air,  by  elaborating  coal,  and  thus  abstracting  the  supera* 
londance  of  infespLrable  gaa,  and  setting  free  a  corresponding  proportion 
of  flEjgeu ;  thus  rendering  the  surface  of  the  earth  suitable  for  the  ei- 
iitence  of  terrestrial  repiilea,  and  ultimately  of  birds  and  mammalia.  But 
Sir  C.  Lyell  has  argued  that,  so  far  as  we  know,  if  any  change  were  in- 
diiced  in  the  constitution  of  the  atmosphere  by  anch  an  agency,  It  would 
be  the  reverse  of  that  assumed  ;  fur  an  encess  of  vegetation  would  tend 
Ifl  diminish  the  average  amount  of  carbonic  acid,  and  consequently  the 
air  must  have  been  purer  than  in  the  aucceeding  epochs  if  It  is  there- 
fore probable  that  the  absence  of  hcTbivorous.  animals  eaimot  be  ei- 
pljuned  by  unfavourable  atmospheric  conditions  i  and  again  we  may  point 
to  New  Zealand  as  a  country  having  a  luxuriant  regetatLon,  yet  without 

(bivoroUB  quadrupeds. t 
12.  FoEMATioir  01   CoAL-ioiASUBKa. — From    the  facts 
ich  have   passed  imder  our  esamiTiation,§  we  may  now 
adFantageoiialy  coaBider  what  were  the  circumstances  which 
g*?e  rise  to  these  prodigious  lajeni  of  carbonized  matter 

'  The  Plagiaiditz  of  Purbeck  and  the  Steteognathm  of  Stonesfield 
were  smaller  herbivores.  The  other  known  mammals  of  the  secondary 
P«riod  were  probably  insectivorous. 

t  LyeVra  *' Travels  in  North  America,  "  vol  L  p,  152  j  and  ^'PriD- 
CEples,"  p.  248. 

X  The  only  indigenous  m&mmala  in  New  Zealand  are  one  species  of 
M  ind  anolher  of  Baf ;  and  there  are  no  Lajge  te^dka  ^\*XaN^T, 


i 
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-  mmnzed  vidi  odier  ■stenili. — dmeimmanebedsof  yeget — 
abks,  frcNn  vhidi  udmrnl  leoiaiiis  aie  often  almost  wholly^ 
exdoded ; — and  whedier  aeeomiiladau  of  trees  and  plantBe^ 
wilicfa  in  after-ages  ifaaU  present  phenomena  of  alike  natiireg- 
are  in  progreai  at  the  (neaent  time? 

The  "»*''*»^  in  vbkfc  tbe  carboBifiaoas  Mnta  lisre  been  depodie^M 
has  been  a  frnitfiil  eooree  of  ducunon  amon;  geologiats.    Some  hay^^ 
cont^mdcd  that  the  eosl-aeaaaxcs  woe  ongnany  peat-bo^B,  and  that  th^s 
•ooceaATe  lajen  were  ocnunnM  bj  repeated  snbndencea  of  the  land  ^ 
— ochen,  that  the  regetable  matter  oripnated  from  rafts,  or  masses  o  /* 
drifted  forest-trees,  like  those  of  the  Missitrippi.*  whidi  floated  out  to 
sea,  and  there  became  ingnlfed ; — others  suppose  that  they  were  formed 
ID  inland  seas  or  lakes,  the  materials  of  the  soocessiTe  beds  being  brongfaC 
down  bj  periodical  land-floods :  and  the  supporters  of  each  hypothesis 
addoce  numerous  facts  in  corroboration  of  their  respectire  opinions. 
There  can  be  no  doubt  that  coal  may  be,  and  has  been,  formed  under  each 
of  these  conditions ;  and  that  at  different  periods,  and  in  different  lo- 
calities, all  these  causes  have  been  in  operaticm;    in  some  instances 
singly,   and  in  others  in  combination.    An  interesting  example  of  the 
latter  conditions  is  described  by  Prof.  Dawson,  in  the  Canadian  Na- 
turalitt  (October,  1857),  as  occurring  at  Pictou,  where  some  portions  of 
the  coal-measures  present  appearances  suggestive  of  "  the  idea  of  patchjs 
of  grey  sand  rising  from  a  bottom  of  red  mad,  with  clumps  of  growing 
Calamites,  which  arrested   quantities  of   drift-plants,  consisting  prin- 
cipally of  Stembergia  and  fragments  of  much-decayed  wood  and  bark, 
now  in  the  state  of  coaly  matter  too  much  penetrated  by  iron-pyrites  to 
show  its  structure  distinctly.    We  thus  probably  have  the  fresh-growing 
Calamites,  entombed  along  with  the  debris  of  the  old  decaying  Ck}mfer8 
of  some  neighbouring  shore ;  famishing  an  illustration  of  the  truth,  that 
the  most  ephemeral  and  perishable  forms  may  be  fossilized  and  preserved 
contemporaneously  with  the  decay  of  the  most  durable  tissue.     The 
Rush  of  a  single  summer  may  be  preserved  with  its  minutest  striee  im- 
harmcd,  when  the  giant  Pine  of  centuries  has  crumbled  into  mould.  It 
is  HO  now,  and  it  was  so  equally  in  the  Carboniferous  period." 

That  some  of  the  isolated  basins  of  coal  may  be  carbonized  peat-bogs 
is  not  improbable,  considering  that  peat  often  occurs  in  beds  including 
trees  in  an  erect  position,  and  extending  over  extensive  tracts  of  country ; 

*  On  ihiB  river  and  its  bTBnc\ie&acc\imwl«LUo\is  of  timber,  forming  rails 
JO  mU&§  long,  are  said  to  ha\e  occvxite^.— L^eW*""  Ptviwiviflwr  ^.'l&l. 
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lodcm  peat-bogs  (see  p.  66)  kyers  are  occasionally  found  havmg 
oidal  fracture  and  luatroui  appearance  of  coal, 
r  coal-measures  m&y  Lave  been  accumulated  in  fresh- wat^r  lakes, 
lies,  or  in  lagouiLs  of  fresh  or  of  br&ckkh  water,  into  which  the  sem 
^asional  irrupLioas.  To  this  class  would  beEoug  the  greater  pro- 
pi  the  known  coal-measures, 

I  earboniferoua  strata,  intercalated  with  sandstones  and  limestonea 
|kg  marine  remains  iti  abundance,  like  those  of  Russia  (see  p. 

Eft  hare  been  deposited  in  the  sea. 
casicnal  erect  position  of  the  stems  and  the  preservation  of 
leaves  do  not  invalidate  this  inference  ;  far  in  tlie  rafts  formed 
^tangled  floating  forests  of  tho  American  rivers^  trunks  of  trees 
^  occur  upright  j  and  in  the  interior  of  these  rafts  grasses  and 
lants  are  oflen  found  entire.     Such  tnaayes,  therefore,  might  be 

Eny  hundred  miles,  and  yet  the  imbedded  fragile  species,  pro- 
he  external  network  of  entangled  branches,  remain  uninjured  j 
going  bitummization,  while  enveloped  hy  the  saft  mud  per- 
the  mass,  might  become  changed  into  durable  furms,  like  those 
IK^und  in  the  natural  herbaria  of  the  coal-measures. 
Jrlic^ity  of  tree- trunks  in  some  of  ihe  strata  of  the  carboniferous 
^,  for  instance,  in  the  Sandstone  of  Cragleith,  near  Edinburgh— 
p  originated  simply  from  the  trees  having  floated ^  aod  been  ulti- 
hooredt  with  their  stems  upright,  or  nearly  so,  in  consequence  of 
le  being  loaded  with  soil.  This  is  a  constant  occurrence  in  the 
pda  of  the  American  rivers  ;  the  ^nctff^^  as  they  are  termed,  which 
|der  the  navigation  up  the  stream  dllHcult  and  perilous,  being 
^  drifted  trees  flxed  by  their  stumps  in  tlie  river-bottom,  and 
to  an  oblique  direction  by  the  current, 

^  an  upright  position  are  often  carried  out  to  sea,  and  have  been 
from  land,  floating  with  their  topmost  branches  above  the  water, 
bise  circumstances  they  have  been  instrumental  (like  sea-weeda 
prga,  in  different  degrees)  in  carrying  pebbles  and  blocks  of 
the  land  into  the  deep  abysses  of  tlie  ocean ^  or  to  far  distant 

!0AI>MEABUH£S  OHI&l:if ATIKG  IK  SUBMERQEB  tAIfPa* 

heoiy,  so  ably  advocated  by  Sij*  C.  LyeU  and  other 
(  geolo^stSj  of  the  formation  of  coal-meaBures  from 
p  submergences  and  elevationB  of  lands  covered  with 
jbreeta  (see  p,  682,  684),  aeeme  to  be  especially  appH- 
thoae  carhoniferom  formations  ^\iic\i  cgeei  m^^  ^a^^ 
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of  regular  alternations  of  coal  with  beds  composed  of  such 
earthy  materials  as  render  it  probable  they  were  once  capa^ 
ble  of  supporting  a  luxuriant  vegetation. 

And  the  &ct  that  the  roots  (StigmaricB)  of  the  forest-trees 
{SigiUaricd)  of  the  carboniferous  period  are  generallj  pre- 
sent, and  for  the  most  part  in  their  natural  position,  in  the 
underclay  beneath  each  bed  of  pure  coal,  proves  that  those 
trees  grew  on  the  areas  now  occi^ied  by  their  carbonized 
remains.  "Without,  however,  having  recourse  to  the  hypo- 
thesis of  alternate  subsidence  and  elevation  of  the  land,  may 
we  not  suppose  that  there  were  extensive  inland  areas,* 
depressed,  like  the  basin  of  the  Caspian,  many  hundred  feet 
below  the  level  of  the  sea,  affording  the  shelter,  warmth,  and 
moisture  required  by  a  subtropical  flora,  and  subjected  to 

*  The  most  remarkable  known  instance  of  an  area  of  land  depressed 
far  below  the  sea-level  is  that  mentioned  by  Humboldt  {CosmoB),  lo 
descending  eastward  from  Jerusalem  to  the  Dead  Sea  and  the  Valley  of 
Jordan,  a  view  is  enjoyed  which,  according  to  our  present  h3rp8ometric 
knowledge  of  the  earth's  surface,  has  no  parallel  in  any  other  region. 
The  rocks  on  which  the  traveller  treads,  with  the  open  sky  over  his  head, 
are  1312  feet  below  the  level  of  the  Mediterranean.  Though  from 
the  revolutions  which  have  swept  over  the  earth's  surface,  and  the 
displacements  and  mutations  which  its  crust  has  undergone  since  the 
carboniferous  period,  there  is  but  little  probability  that  any  of  the 
coal-fields  are  now  in  the  same  position  in  relation  to  the  sea-level  as  at 
the  period  of  their  formation,  I  would,  nevertheless,  direct  attention  to 
the  following  statements  and  remarks  of  the  illustrious  philosopher  just 
cited :— -The  depth  of  the  Coal-basin  at  Liege  is  estimated  by  Von  Dechen 
at  3809  feet  below  the  surface,  and  3464  feet  benecUh  the  level  of  tkt 
sea  ;  and  that  of  Mons,  at»  5329  :  while  the  lowermost  coal-strata  of  the 
Saar-Rivier  (Saarbriick)  are  computed  by  the  same  eminent  observer  to 
descend  to  a  depth  of  21,358  feet  below  the  aea-levely  or  3.6  geographical 
miles.  This  is  a  depth  below  the  sea  equal  to  that  of  Chimborazo  abote 
it ;  and  the  temperature  would  be  467*  of  Fahrenheit  if  the  increase  be 
in  the  supposed  ratio  of  1°  for  every  54  feet  of  vertical  depth.  We  have, 
therefore,  from  the  highest  summits  of  the  Himalayahs  to  the  lowest  por- 
tions of  the  basins  which  contain  the  fossil  flora  of  the  carboniferoi^- 
epoch,  a  vertical  distance  of  about  48,000  feet,  or  ^isth  of  the  earth '^ 
semi'diameier. 


^ 
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periodical  mundatioue  from  mouiitaiii-toiTeiits,  poured  down 
from  alpine  regionB  on  which  the  pines  and  other  conifers, 
iBociated  with  the  arboreicent  femi  of  the  coal>  may  have 

lurished  ?  Would  not  such  physical  conditions,  modified 
iy  occasional  changes  in  the  relative  level  of  the  land  and 
water  by  subterranean  movements,  meet  the  exigences  oi 
the  case  ? 

44.  Zoophytes  ajsd  Echtkobeems  or  the  Caeboni- 
FEBOTfB  System. — We  must  now  briefly  notice  the  animal 
remaios  entombed  in  the  deposits  that  are  associated  with 
those  w  hich  have  proved  so  rich  and  varied  a  field  of  bota- 
ical  research.     The  Zoophytes  and  Molluacd  are  for  the 

oeit  part  marine,  and  in  a  great  measure  contlued  to  the 
limestones  below  the  coal. 

There  are  hut  doubtful  evidences  of  the  Sponges  in  these 
hut  Foraminifera  often  abouJid.  Textulm-ia  and 
Mnd&tJiip'tt  have  been  discovered  by  Prof.  PhiHipa  *  in  slices 
of  limestone  from  Torkshire  and  Westmoreland,  and  by  Mr. 
Sorby  in  some  mountain-limestone  from  Shropshire,  ^odo- 
raria  has  been  found  in  the  carboniierous  rocks  of  T  yrone, 
by  M*Coy ;  t  a  Nnmmulite-like  form  occurs  in  the  inoun- 
tain-limeBtone  both  of  Shropshire  and  of  Euaaia ;  J  and  one 
of  the  most  characteristic  foasDa  of  the  mountain-limestone 
of  the  Lower  Yolga  in  Ruaata,  §  and  of  the  Ohio  in  North 
America,  is  the  M^uUiia ;  white  bniestones  and  calcareous 
eh  ales  being  almost  wholly  composed  of  this  little  shell  {F. 
i^Ufidrica)j  which  reaemblea  a  grain  of  wheat  or  rice,  and  is 
allied  to  the  Monionin^i  A  second  species  has  been  detect- 
ed in  the  carboniferous  Limestone  of  the  Arctic  Regions,  by 
Salter.]] 

•  Trans.  Polytedin.  Soc.  YorlcBliLns,  1846,  p.  277. 
f  Annals  Nat  Hist.  toL  xiiL  p*  131 » 
I  Bullet.  Imp,  Soc.  Nat.  Moscow,  184?*,  toI  toXL  ^.  33T 
f  Geology  ofHuss'm,  PI,  1,  fig.  L 
//  Bekher'a  "AtcUc  Voyage,"  voV*  U,  K-p^ea4\x* 
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The  CoraU*  amount  to  very  many  species,  chiefly  belong- 
ing to  the  genera  Alveolites,  Amplexus,  Aulopora,  Chetiteii 
Clisiophyllwnj  Ckfathophyllum,  Lithodendron,  Lithostrotm^ 
JBehelinia,  Nematophyllum,  Syrin^opora,  and  Zaphreniii, 

Of  Bryozoa,  Jffenestella  is  the  most  common  genus  in  this 
formation.  The  mountain-limestone  swarms  with  Crim- 
dea;  and  entire  beds  are  made  up  of  their  petrified  re- 
mains, as  was  explained  in  the  former  Lecture  (see  p.  660). 
Elegant  and  abundant  species  of  AcUnocrinus,  Cyathocrvm^ 
Platycrintia,  Poteriocrinus,  and  Bhodocrinua  combine  to 
characterize  the  carboniferous  limestones  and  shales;  but 
several  of  rarer  occurrence  are  also  found. 

A  singular  type  of  Crinoideans,  named  Fentremites\ 
{Lign,  181,  ^y.  7),  also  abounds  in  the  mountain-limestone, 
both  in  England  and  America}  (see  p.  666). 

Other  echinoderms  of  a  peculiar  character  {Archteocidam 
and  FaUschinus)  are  not  unfirequent  in  the  carboniferous 
limestone  of  Ireland  and  Yorkshire. 

45.  Shells  of  the  Cabbonifeeous  System.  —  The 
remains  of  nearly  800  species  of  the  various  tribes  of  mol- 
lusca  have  been  obtained  from  this  formation  in  the  British 
Isles  alone. 

About  twenty  species  of  bivalve  shells,  having  close  alli- 
ances with  existing  genera  of  shells  living  in  fresh  or  brackish 
waters,  and  therefore  indicative  of  their  own  fresh-water  or 
estuarine  origin,  occur  in  some  of  the  coal-measures.  These 
fossil  genera  comprise  Anthracosioy^  Cardinia,  Myalina,  Mj/- 
tilus,  and  Unto ;  and  some  of  the  species  abound  in  some 
parts  of  the  coal-measures  in  extensive,  though  thin,  beds  of 
shale  or  limestone,  known  as  "  mussel-bands." 

♦  See  Milne-Edwards  and  J.  Haime's  beautiful  Monograph,  published 
by  the  Palaeontographical  Society,  1852. 

t  Comprised  in  the  Blastoidean  Order  of  the  Echinodermata. 

X  Medals  of  Creation,  vol.  i.  p.  297. 

}  See  Prof.  King's  interesting  paper  on  the  distinctiTC  characters  of  this 
member  of  the  Unionldse,  vn  Vhe  Knxvi\a'^«\.^\&\..*lv\\^x.xoUxTii.p.5l' 
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Tiie  marine  shells  of  the  carboniferouB  rocks  are  in  a  great 
Measure  limited  to  the  Hmestone  and  shales  below  the  coaL 
Bleep tionol  mstaQces,  howeverj  have  been  already  men- 
tioaed.*  Many  speciee  of  gasteropodous  spiral  imi valves 
■bound  in  some  of  the  limeatones.  Fhurotomaria  and  Euom- 
^Ulm  are  the  moat  firequent ;  the  latter  is  remarkable  from 
ita  inner  yolntions  being  traversed  by  imperforate  septa. t 
Some  limpet-Hke  gasteropoda  are  also  founds  such  as  Capu- 
hi  and  Patella.  A  very  common  and  characteristic  nni- 
nlfe  is  the  Bdlerophon  %  {Li^n.  181,  jf^.  4),  usually  refer- 
red to  the  X^ncleo branchiate  division  of  the  Gasteropoda.  § 

The  most  interesting  Gasteropod  of  the  coal- series  is  a 
JfipR-like  shell,  probably  a  land- an  ail,  of  which  one  or  two 
^»ecimenfl  were  fonnd,  together  with  the  remains  of  a  little 
bflfafachian  reptile,  bj  Sir  C.  Lyell  and  Mr.  Dawson,  in  an 
upright  fossil  tree-stump  in  the  coal-measures  of  Nova- 
SiM)tia.|  The  cephalopodous  shells  found  in  the  mountain- 
limestone  of  Britain  and  Ireland j  and  in  the  associated  strata, 
amount  to  upwards  of  130  species.  The  Ammonite  of  the 
Betondary  Ibrmations  is  in  this  system  abundantly  represent- 
ed by  its  near  aDy,  the  Ganiatiie»;  %  and  the  Nautilus  *♦  and 
the  Orthocera»  if  almost  rival  the  Goniatite  in  numbers. 

The  OrtkQceras  {Lign.  181,^^.  12)  may  be  described  as  a 
KtrBigbt  Nautilus,  of  an  elongated  and  ejlindrical  shape,  ta- 
pering to  the  extremity,  and  having  entire  septa,  pierced  by 
asijjhuncule  {fig.  13).  The  Orthoceratites  are  often  from 
twenty  to  thirty  inches  in  cufcumference  at  the  largest  ex- 
tmuiity,  and  upwards  of  seven  feet  in  length. 

Numerous  bivalves  of  genera  closely  related  to,  if  not 
ideutical  witht  the  existing  Avicula  and  Peeten  also  occur ; 
*fid  other  bivalves,  such  as  Cgprtcardiaj  Conocardium^  Ed'- 


i 

I 


^  Se«  above,  p.  G76.         \  Medals,  p.  428.         %  Medals,  p.  46^. 
i  Woodirftrd*3  '*  Manual  of  ihe  Mulluftci,"  p.  20L 
\  Qitftit.  Joum,  Geol.  Soc,  vol.  ii.  p.  h%,  pi,  it. 
I    I  MedflK  p.  482.        •*  Afodida,  p.  467,        t-^  Vl^Ma,  \.  ^%. 
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mondia,  Zeda,  Modiola,  NuouHa,  SanffuiinolUei^  and  Sieif 
toickia. 

But  the  most  striking  modificatian  in  the  moUuBCOO^ 
£Eiuna  is  the  abundance  of  extinct  types  o£  Braehiopoda^  oC 
FaHtobranchiatajf  such  as  Atkyrii,  Ohoneteij  LepUma^  Lwr 
ffula,  Orihisy  Froductw,  RhynckoneUa^  Spvfjfer^  8(ropkfmeM^ 
&c.  These  occur  in  profusion ;  and  entire  beds  of  limestone 
sometimes  are  aggregations  of  the  shells  of  these  curious 
animals. 

As  we  descend  to  the  more  ancient  rocks,  we  shall  find  these  Ibssik 
yet  more  preralent ;  and  I  will,  therefore,  in  this  place  dfer  a  few  re- 
marks on  the  structure  of  this  family  of  moUusca.}  The  smaU  sub- 
globular  biyalres,  TerebrahtkB,^  so  abundant  in  the  chalk,  are  some- 
times found  empty,  and,  if  the  valves  be  carefully  separated,  two  curious 
appendages  are  seen  projecting  from  the  hinge  into  the  interior  of  the 
shell ;  these  processes  are  the  internal  skeleton  for  the  support  of  ciliated 
organs  for  the  production  of  currents  in  the  water.  In  the  Spirtfen 
{Liffn.  181,  Jiff».  2,  9,  11),  there  are  two  spiral  appendages  |  which  are 
closely  coiled,  and  are  often,  like  the  substance  of  the  shell  itself,  changed- 
into  calcareous  spar  (^«.  2, 9) ;  in  specimens  where  the  shell  is  removed, 
these  organs  may  be  seen  in  their  original  mtnation. 

The  loop-like  processes  observable  in  the  interior  of  the  sheQs  of  num^T' 
of  the  fossil  Terebratuls  are  the  internal  skeleton,  and  are  for  the  attach- 
ment of  the  muscular  stems,  or  stalks  of  the  fringed  arms,  or  lateral  pro-' 
longations  of  the  lips  of  the  animal.    These  arms,  or  oral  appendages, 
are  fringed  with  cirrhiy  probably  covered  with  microscopic  ciUa  ;  and  by 
the  vibratile  action  of  the  latter  minute  particles  of  food  are  transmitted 

*  Arm-foot :  the  spiral  arms  of  some  of  these  molluscs  were  at  first 
supposed  to  serve  to  some  extent  as  locomotive  organs ;  hence  this  most- 
used  name. 

t  Mantle-ffiUed :  the  animals  having  no  special  branchias  or  gills, 
their  blood  is  aerated  through  the  medium  of  their  inner  integument  or 
mantis :  hence  this  philosophically  correct,  but  neglected  name. 

%  See  Owen  *'  On  the  Anatomy  of  the  Brachiopoda,"  Zoological  Trans- 
actions, vol.  i.  p.  145 ;  "  Lectures  on  Comp.  Anat."  &c. ;  Woodward's 
**  Manual  of  Mollusca,"  p.  209  ;  and  Davidson's  '*  Monographs  of  the 
British  Fossil  Brachiopoda,"  published  by  the  Paleontographical  So 
ciety  (especially  the  Introduction) 
/  Medals,  p.  388. 
"  -"»«  file  name  of  the  geima  ^coil-beariti^v 
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uxrirda  tlie  raou  th.  In  MpnchtmeUa  paitiocM^  a  recent  apa^iea  {Liffn.  181, 
Jt7^6),  two  Bpiml  arms,  fringed  at  di«ir  outer  margins,  mq  seen  to  arbe 
from  procesaes  h&Ting  the  form  of  lamellar  plates ;  thesie  oral  arms  are  qiiite 
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LlOU,  Bt.— SASIXi  AMD  CaiHDtDi,  CHIirLT  FBOW  TITi:  VAtMomXC  STiATA, 

fjHuriMt^.    ^>.  1.  FTDdnt;tiu  panctntu*-    2.  HplHftr  rrigoualils.     1.   Cut  of  Bdte- 
1  «}»u-iiiTletlii.    Si  i^iiomptanltia  pen  tiuifiul  atos.     7.  Fenlrenilt^a  eUipticua-    t.  ipl- 
b,  fchowliiif  one  of  the  ipli*]  prqceuei  in  iitu.    10.    SpirireT  trlui^iilAria. 
■  iBteralc!^    U,  HEplum  df  the  tame, 
kUmwOmt.    fi>.  a.  Ij^ptanji  deprMM.   ft,  Atrypa  rpHcalnrii,  11,  Splrlfef  ttcTitus, 
***«.   tKflfi,  Rh]rtK:huii(iUa  piLttace*,  ihowtuir  the  rrinffiMl  Bpiml  braoliln  or  mriD*.  and  tm* 
^tbiRu  irtlflf  ijidf  «xte<iid4^d  ;  thif  perfamwd  tbJIvp  aud  ttae  lobe  cf  tlie  m»alJ&  k^  jrtiiiitived. 
^' «  &t  ■  partloa  at  the^  MiLge  of  tiiiTtil^  mH^nIilad. 

^,  except  at  their  ori^ns  ;  when  unfolded,  they  are  Iwwa  %&  km^  *a 
^^tibell,  and  in  tbezr  naliir^l  BtAte  of  contraction  are  dia^oa^  VPl  a\x<iit 


J 
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aeren  fpinl  gyntiont,  wliidi  dacieMe  towiidt  theb  extremitiM.  Itl^ 
been  conjectured,  that,  u  the  stems  ue  hoUow  firom  one  end  tothe 
other,  and  filled  with  floid,  Uus  might  be  acted  npoa  by  the  spiially  ^ 
posed  muscles  composing  the  walls  of  the  canal,  and  forcibly  hyected  to- 
wards the  extremity  of  the  arms,  which  would  be  thus  unfolded  and  pro- 
truded. None,  howerer,  of  the  living  specimens  of  Uus  animal  obserred 
by  Mr.  Barrett,*  in  1855,  protruded  their  arms ;  but  these  organs  were 
extended  just  so  much  that  the  cirrhi,  when  unbent,  came  as  for  as  the 
margin  of  the  shell. 

The  arrangement  of  the  fringed  arms  in  the  known  liTing  Brachiopoda 
is  generally  either  more  or  less  perfectly  spiral,  sigmoid,  looped,  or  folded. 
In  the  fossil  genera  Spirifer,  Athyritj  MeriHOj  Betzia,  Uneites,  and 
Atrypa^  the  internal,  calcareous,  spiral  appendages  were  evidently  the 
supports  of  perfectly  spiral  arms.  If  indeed  the  arms  of  BkynchontUa 
were  so  supported,  that  genus  would  present  the  same  structure  as  that 
of  Atrypa^  and  a  close  analogy  to  that  of  the  Spiriftridm, 

46.  Cbustacea-NB  and  Insects. — With  the  layers  of 
fresh- water  shells  that  are  intercalated  in  some  of  the  coal- 
deposits,  there  are  a  few  species  allied  to  water-fleas,  CypridtB. 
They  occur  abundantly  in  the  Nova-Scotian  and  some  of  the 
Pennsylvanian  coal-measures ;  also  in  the  Shrewsbury, 
Asbby-de-la-Zouch,  Border-country,  and  Burdie-House  coal- 
strata.  In  the  last,  and  near  Glasgow,  two  species  of  a  peculiar 
entomostracous  crustacean,  Euryptenis,'^  one  of  which  is 
twelve  inches  long,  have  been  discovered  by  Dr.  Hibbert. 

DithyrocaHa  %  is  another  peculiar  form  of  the  lower  tribe 
of  crustaceans  not  uncommon  in  some  of  the  carboniferous 
strata  of  Ireland  and  Scotland. 

In  the  ironstone-nodules  of  Coalbrook  Dale,  the  remains  of 
small  crustaceans  sometimes  form  the  nucleus,  and  Mr.  Frest- 
wich  §  discovered  some  in  a  good  state  of  preservation  {lAgn, 
182) .     Some  of  these  crustaceans  are  referable  to  the  Lvmu- 

•  Annals  Nat.  Hist.  2nd  ser.  vol.  xvi.  p.  257. 
t  Medals,  p.  524.  t  Medals,  p.  525. 

X  Geol.  Transact.  2nd  ser.  vol.  v.  p.  41. 

/  The  ohemical  changes  which  have  taken  place  in  the  carboniferous 

'  gtruU,  and  led  to  the  fonnaVion  oi  ^iv^  \iwA&  wA  XLodules  of   iron- 

ticae,  «ro  thus  explained  by  Sii  H.  ^^  ^a^  ^w3wi\— T\x^  ^tS^^wws^ 
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iui,  OP  King-crab  ;  a  genus  which  ia  abundaot  in  the  seas  of 

Ifldiaand  America.  The  Limulus 

18  one  of  the   lower  Crustacea 

( Ent  omos  traca)  ,and  h  as  a  di  s  t  int  t 

carapace  or  buckler,  and  the  last 

segment  is  prolonged  into  a  point 

or  style;    it   has   two   ejea  in 

front  of  the  shield,  and  the  gilk 

are  disposed  on  lameUiform  pro- 


tr^ninitoiiea  are  formed  of  cartiona^tc  of 
iruQj  mingled  mechanically  with  earihy 
initter,  commonly  corresponding  with 
tliul  conslitutiiig  the  shales  wilh  which 
the;  are  associated,  Mr.  Hunt,  of  the  Museum  af  Economic  Geo.ogy^ 
iflsliluted  a  series  of  ejtperiments  ta  illustrate  the  production  of  these 
diy-iroiistonea,  and  he  found  that  decomposmg  vegetable  matter  pre- 
'^ated  tlie  further  oxidation  of  the  protoaalts  of  iroTi,  and  convefted 
tie  peroxide  mto  protoxide  of  Iron,  by  tfiking  a  portion  of  iLs  oxygen  to 
fotm  carhotilc  acid*  Under  the  eonditions  necessary  for  the  production 
of  the  coal  distributed  among  the  sand,  silt,  and  mud,  the  decompoflitioti 
of  the  Tegetable  matter  would  neceasatily  form  carbonic  acid,  among 
^(Sm  products.  This  carbonic  acid^  mixed  with  water,  would  spread 
^h  it  over  areas  of  different  dimensions  according  to  circumstances  ; 
f^nning^  salts  and  meeling  with  the  protoxide  of  iron  in  solutionj  it  would 
toute  w\\h  the  protoxide,  and  form  a  carbonate  of  ironl  The  carbonate 
^mn  in  solution  would  minf^le  with  any  fine  detritus  which  mipht  be 
te  in  mechanical  suspension  in  the  same  water  ;  and  hence,  when  Ihe 
(SDRditions  for  its  deposit  arose, — which  would  happen  when  the  needful 
eroesi  of  carbonic  acid  was  removed.^lhe  carbonate  of  iron  would  be 
thrown  down,  intermingled  with  the  mud  ;  and,  if  not  in  sufficient  quan- 
tity i£>  form  continuous  layers,  would  ag j^egate  into  nodnlea,  and  be  ar- 
iiBged  in  planes  amid  the  sediment.^Jtfemo»>*  of  the  Osohfficul  Survey 
of  Great  BHtmn,  toL  i.  p.  185.  See  also  Prof.  W,  Rogers  on  the  Car- 
^Qileof  Iron  in  the  Goal- Measures,  Silli man's  Journal,  vol  xxi.  p.  339; 
Mr.  Binney  on  the  Origin  of  Iron-stones,  Mem-  Lit.  Phil*  Soc.  Manches- 
Hrol  xii.  p.  31 ;  and  a  paper  by  Dr.  Hooker  and  Mr,  Binney  on  some 
l"»ei!one-nodulea,  in  the  biturainons  coal  of  the  Lancashire  coal-field  ^ 
^rt>CGed.  Roy.  Soe.  toI  JtU.  p.  188. 
^.Muckksd,  Bridg*  Treat  p.  396. 


L 


I 


768  THE  WONDERS  OP  OEOLOGT.  Lmt.      '^U, 

It  is  in  the  carboniferous  system  that  we  first  meet,  iJ2  $ 
descending  order,  with  vestiges  of  the  extinct  £unilj  of  cruB- 
taceans  called  Trilobites*  {QriffithideM,  Fhittipsia,  See,);  hvt, 
as  these  animals  are  especially  characteristic  of  the  older 
rocks — ^the  Silurian,  I  shall  reserve  a  particular  notice  of 
them  for  the  next  discourse. 

The  higher  Crustacea  are  still  but  little  known  in  the 
coal-rocks.  The  Ghmp8anyx,f  however,  of  the  Saarbruck 
coal,  combines  some  characters  now  found  in  the  Amphipods 
and  the  Decapods ;  and  the  Fygocephaltts  %  of  the  Man- 
chester coal-shales,  another  rare  form,  is  referable  either  to 
the  lower  Decapods  or  to  the  Stomappds. 

Insects, — The  remains  of  insects  belonging  to  several 
genera  have  been  found  in  the  carboniferous  series  of  Eng- 
land and  Europe.  From  the  ironstone-nodules  of  Coalbrook 
Dale,  several  species  of  beetles,  related  to  the  CurctUio  or 
diamond-beetle,  have  been  obtained.  In  a  nodule  from  the 
same  locality  I  discovered  the  wing  of  a  large  neuropterous 
insect,  closely  resembling  a  species  of  living  Corydalis  of 
Carolina.  §  The  coal-measures  of  South  Wales  have  also 
yielded  in8ect-remains.|| 

Numerous  specimens  of  orthopterous,  neuropterous,  and 
coleopterous  insects  have  been  described  by  F.  Goldenbergf 
from  the  coal-basin  of  Saarbriick,  in  Ehenish  Prussia,  whence 
so  many  other  interesting  fossils  have  been  obtained. 

Ibssil  Scorpion. — Not  only  are  the  remains  of  insects 
imbedded  in  the  coal-strata,  but  also  those  of  animals  to 
which  they  served  as  food.  A  fossil  Scorpion  has  been 
discovered  by  Count   Sternberg  in  carboniferous  argilla- 

•  Medals,  p.  532. 

f- Jordan  and  von  Meyer,  Palseontographica,  vol.  iv.  p.  i,  pi.  i. 
X  Huxley,  Joum.  Geol.  Soc.  vol.  xiii.  p.  363,  pi.  xiii. 
§  Medals,  p.  554.     This  specimen  is  now  in  the  British  Museum. 
//  In  the  collection  of  the  Bav.  S.  Lwcas,  F.G.S. 
V  Pai»ontographica,  vol.  \v.  p.  \1 ,  ^\aX.^^  '^»  ^»  ^^»     ^ 


^  ^.  FISHES  OF  THE  CABBONIFEIlOnS  SYSTEM.  769 

^ous  schist,  at  Chomle,  S.W.  of  Pra^e,  in  Bohemia.* 
"Phis  fossil  is  about  two  inches  and  a  half  long,  and  is 
imbedded  in  coal-shale,  with  leaves  and  iruits.  The  legs, 
claws,  jaws,  and  teeth,  skin,  hairs,  and  even  portions  of  the 
trachea,  or  breathing  apparatus,  are  preserved.  It  haa 
twelve  eyes,  and  all  the  sockets  remain  ;  one  of  the  small 
eyes  and  the  left  large  eye  retain  their  form,  and  have  the 
cornea,  or  outer  skin,  preserved  in  a  corrugated  or  shrivelled 
state.  The  homy  covering  is  also  preserved ;  it  is  neither 
carbonized  nor  decomposed,  the  peculiar  substance  of  which 
it  consists,  elytriney  having  resisted  decomposition  and  mi- 
neralization. 

47.  Fishes  of  the  Casbonifebous  System. — The  fishes 
of  the  coalf  are  of  the  placoid  and  ganoid  groups  (see  p.  352)  : 
and  several  of  the  genera  have  not  been  found  in  any  other 
system ;  all  of  these  have  the  heterocercal  form  of  tail  (see 
p.  531).  Sixty  genera  have  been  determined  from  the  car- 
boniferous strata  of  the  British  Isles.  I  can  only  allude  to 
a  few  of  the  most  characteristic. 

Amblypterus. — This  is  a  genus  restricted  to  the  coal-mea- 
sures, and  is  charactererized,  as  its  name  implies,  by  very 
large  and  wide  fins  composed  of  numerous  rays.  The  scales 
are  rhomboidal  and  finely  enamelled;  and  the  teeth  are 
small,  numerous,  and  set  close  together  like  the  hairs  of  a 
brush;  indicating  that  these  fishes  fed  on  decayed  sea- 
weeds and  soft  animal  substances.  The  tail  is  a  good  ex- 
am pie  of  the  heterocercal  type.  A  restored  outline  of  th  e  fish 
is  given  in  Id^n,  183,  from  M.  Agassiz's  great  work,  the 
"  Foissons  Fossiles."     Four  species  have  been  found  in  no- 

•  See  Verhandl.  Gesell.  vat  Mus.  Bohmen,  1835,  p.  35;  Dr.  Buck- 
land's  Bridgewater  Treatise,  plate  46,  p.  406,  et  seq. 

t  See  some  interesting  remarks  on  the  fishes  of  the  North  American 
coal-beds,  by  Mr.  Newberry,  in  the  Edinb.  New  Phil.  Joum.     New 
series,  vol.  ▼.  p.  364;  and  by  Messrs.  WotlYieii  mv^  K'^gaaisvx^  VhaA* 
p.  367. 
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dules  of  ironstone  at  Saarbruck,  on  the  borders  of  Lorraine; 
and  at  Newhaven,  near  Leith. 

Megalichthys. — Of  the  remarkable  group  of  fishes  termed 
Sauroid*  the  remains  of  two  genera  have  been  discovered 
iu  the  strata  at  Burdie  House  by  Dr.  Hibbert,  and  subse- 


LiQn.  18S.— BX8TOREO  PIOURB  OP  THK  AXBLTFTBRVS ;  A  HETVROCERCAL  PISH  PECVLUK 

TO  THE  CarbonipebOUS  stbtex  :  ont-tueth  the  nat,  $1%$. 
«,  The  upper  lobe  of  the  tall,  Into  which  the  Tertebral  column  Is  prolonged. 

quently  in  several  other  localities.  The  Megalichthys  was 
covered  with  enamelled,  quadrangular,  finely  granulated 
scales,  very  thick,  and  nearly  an  inch  wide.  The  head  was 
protected  by  strong  enamelled  plates.  It  had  very  large 
teeth,  which  were  conical,  hollow,  and  striated.  This  fish  was 
fri)m  three  to  four  feet  in  length. 

Soloptychius, — This  is  a  genus  of  gigantic  sauroid  fishes, 
some  species  of  which  attained  a  length  of  thirty  feet.  The 
scales  are  thin  and  nearly  circular,  the  upper  surface  corru- 
gated in  ridges,  and  from  one  to  five  inches  in  diameter. 
The  plates  covering  the  head  have  a  shagreen-surface  with 
irregular  ridges.  It  has  large  conical  sauroid  teeth  of  great 
density ;  and  numerous  long  slender  teeth. 

Cesfracionts.-f — Eemains  of  numerous  extinct  species  of 

•  3iedal8,  p.  615.  ^  Medals,  p.  583. 
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fiaka  related  to  the  recent  Cestracion,  or  Port  Jackson  aliark, 
are  found  in  some  beds  of  the  mountain-limestone,  espeeiallj 
ttear  Bristol,  and  at  Armagh,  in  Ireland.  At  the  latter  place 
Admiral  Theobald  Jones  baa  collected  vast  numbers  of  beau- 
;iful  specimens  of  teeth  (both  of  the  cutting  and  the  crush- 
ng  farms)^  and  of  fin-bonea  or  apines  from  the  hard  grej 
iiarble  j  some  of  them  being  of  large  siae.* 

48,  Beptileb  of  the  Caebonifeeous  Feeiod.— Not 
nanv  yeara  aincej  reptilian  remains  not  having  been  then 
'oimd  in  the  carboniferous  rocks,  it  was  supposed  that  the 
earliest  date  of  the  existence  of  reptiles  on  this  earth  waa 
bhat  of  the  Permian  rocks,  Now,  however,  we  have  both 
bonea  and  foot-tracka  of  reptiles  not  only  in  the  coal-mea- 
sures and  in  the  mountain-limestone,  but  in  the  Devonian 
strata. 

The  Archeffosaurm,f  a  sauro-batrachiaa  of  close  relation- 
8liip  with  the  Lah^rinthodon  (see  p.  552),  has  left  abundaat 
i^emains  in  the  coal-fields  of  Ehenish  Prusaia^  the  Faraha- 
tf^€ichm^  occurs  in  the  eoal  of  Scotland  j  and  the  allied 
^endrerpeton,\\  and  the  lahyrinthodontoid  JSapheteSf%  have 

ta  found  in  the  coal-measures  of  Nova  Scotia. 
3heirotherian  foot-tracks  of  reptiles  have  been  diacovered 
lome  of  the  shales  of  the  coal-measures  in  the  United 
States ;  **  and  in  the  red  shales  at  Potts\ille,  Fennsjlvania, 
^hich  Br.  Isaac  Lea  refers  to  the  carboniferous  series,  but 
Which  the  State-geologists,  the  Profesaors  W.  B*  and  H,  B, 

•  A  very  ma^lftcent  series  of  these  fossils  has  been  presented  to  the 
^e«la|i(3al  Society's  Museum,  by  Admiral  Jones,  F.G*S. 
t  MedaU,  p.  745. 

t  See  Herraaim  von  Meyer*a  elaborate  Memoir  on  iM  Arckegoaauri 
^^d  allied  genera,  in  the  Paletontoffraphi^j  vol,  ri. 
Quart,  Joum.  GeoL  Soc.  vol.  is»  p.  67. 
\\  Ibid.  p.  53;  and  Lyell's  Manual,  5th  edit,  p,  105  ;  Mednla^  p.  746. 
If  Qiintt.  Journ,  GboI,  Soc.  voU  i.  p.  207,  and  vul.  3ti.  p.  8. 
**  Sea  above,  p  570  ;  and  Lytjlfs  Manual,  5tli  edil,  ^.  ^\* 
3  D  2 
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Bogen,  determine  to  be  the  local  representative  of  the 
lower  portion  of  the  Moontain-limestone,  both  Dr.  Lea  and 
Prof.  H.  D.  Bogers  have  found  foot-tracks  resembhng  those 
of  thin-toed  sanrians.* 

Similar  tracks  to  the  last  mentioned  have  been  found  on 
the  coal-shale  of  the  Forest  of  Deane;  and  Cheirotherian 
footprints  on  a  grittj  carbonaceous  stratum,  forming  a 
"  roof"  of  the  coal,  in  one  of  the  coal-mines  at  Dalkeith,! 
which  are  worked  in  the  Mountain-limestone  series. 

Here  then  are  evidences  enough,  and  donbtlessly  further 
researches  will  contribute  more,  of  the  terrestrial  and  am- 
phibious vertebrated  animals,  which,  crawling  among  the 
tangled  swampy  jungles,  and  on  the  oozy  surface  of  the 
shores,  inhabit^  the  lands  that  were  clothed  with  the  luxu- 
riant vegetation  of  the  carboniferous  flora. 

49.  Climate  of  the  Paleozoic  ages. — ^The  cause  of 
the  difference  between  the  natural  climates  now  prevailing 
over  extensive  zones  of  the  earth's  surfsu^,  and  those  which 
the  organic  remains  discovered  in  many  of  the  older  strata 
lead  us  to  conclude  have  formerly  subsisted  during  very  long 
periods  of  time — and  apparently  over  the  greater  part  of  its 
whole  extent — is  one  of  those  geological  problems  the  solu- 
tion of  which  is  not  at  present  wholly  within  our  reach. 
Unable  to  account  for  such  a  distribution  of  an  apparently 
high  climatorial  temperature — a  diffusion  of  heat  and  light 
so  greatly  at  variance  with  that  which  has  prevailed  during 
the  human  epoch — the  mind  naturally  endeavours  to  pene- 
trate the  mystery  by  a  reference  to  physical  causes  extra- 
neous to  our  planet.  But,  as  yet,  astronomy  has  afforded 
no  satisfactory  elucidation  of  the  subject. 

A  variation  in  the  eccentricity  of  the  earth's  orbit,  and  a  change  in  thfi 
po.>ition  of  the  tropical  zone,  on  account  of  the  precession  of  the  equini'* 

•  Sauropus prinuBvus,  Lea,  Transact.  Amer.  Phil.  Sot.  to!,  x.  l^^'^' 

t  Hugh  Miller's  Testimony  of  the  Rocks,  p.  78.     These  spcciaieus 

aiv  deposited  in  the  Muaeum  o^  \,Vie  GeoVo^vcal  Survey,  in  Jenn>Ti  Street- 
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— bdih  changes,  Trhicli,  lioagh  axb-emely  »kw,  are  apprecmhle— have 
been  brought  forward  to  recount  for  the  phenomena  under  review. 

Fmin  the  dimmutiun  of  the  eccentricity  of  ihc  earth*8  orbit  lound  the 
Bun,  by  which  ihts  ellipse  is  in  atat*?  of  approach  to  a  circk,  the  atiniifli 
a^ejage  of  solar  radiation  h  on  the  decrease ;  and  therefore,  ^  a  generftl 
m\sz,  and  one  affecting  the  mean  temperature  of  the  whole  globe,  and 
thsr  efect  of  which  lb  both  inevitable  and  iEUBceptibie  of  exact  eatimationf 
it  i3  deaenring  consideration-* 

In  assuming  a  temperature  En  northern  regions  sufficient  to  support  a 
qiuui^tropical  vegetation,  it  must,  too,,  he  borne  in  mind,  that  light  is  as 
iBdiipejiBahle  as  heat  for  the  luxuriant  growth  of  tree-ferns,  conifers, 
CTCiulcffi,  &c* ;  and,  by  analogy,  for  the  gigantic  club-mosbes  aiid  ferns 
oC  tbe  carboniferous  period.  The  abaeijce  of  light  for  weeks  or  months 
would  prubably  be  fatal  to  most  of  the  existing  tropical  forms  of  vegeta- 
liuQ.  It  is  therefore  as  necessary  to  account  for  the  presence  of  light  as 
far  a  high  temperature  in  the  northern  regions,  where  fossil  plants  indi- 
cate the  former  genial  influence  of  a  warm  climate  and  sunny  ekies  dur- 
ing the  carboniferous  era. 

To  account  for  the  existence  of  regions  capable  of  supporting  such  a 
flon  as  ibat  of  the  coal-measures  in  northern  latitudes^  it  has  been 
irped  by  an  American  author.t  that  the  changes  on  the  earih's  sur- 
ic6  which  have  produced  the  succcsaiva  strata  and  organic  remnins,  as 
^43  these  are  regular,  are  attributable  to  the  progress  of  the  perihelion 
fahl  around  the  ecliptic  :  that  by  the  precession  of  the  equiuoices,  and 
l^e  progress  of  the  periholioti-rotatiou  of  the  earth's  orbit,  a  great  uni- 
&Jrtii  2 Dae  of  tropical  climate,  which  formerly  surrounded  the  globe  in  a 
different  course  from  that  of  the  present  tropics,  has  by  very  slow  de- 
pees  chnjigecl  its  position,  and  that  tho  present  tropical  zone  succeeds 
ijiii  a  continued  change  of  pusiiiun.  j 


lb 


^  Sir  J.  F,  W.  Herschel,  on  the  Astronomical  Causes  which  may  in* 
flnsQca  Geological  Phenomena.     Geol.  Trans.  2nd  ser.  voU  Hi,  p»  293. 

t  ''  A41  Essay  on  Organic  Ke mains  as  connected  with  an  ancient  Tropi- 
cal Hegion  of  the  Earth."     By  T.  Gilpin,  Philadelphia,  1843, 

t  The  subject  of  hypothetical  causea  of  conditions  and  changes  of 
^^pcrature  in  former  periods  of  the  earth's  history  has  been  abo  treated 
^1"  by  the  late  Mr,  W.  D.  Saull^  in  his*'  Essay  on  the  Conn  ax  ion  between 
^Uouomical  and  Geological  Phenoraena,"  8vo,  London,  1S53  ^  and  by 
'^r,  Evan  Hopkins,  in  his  book  entitled,  *'  On  the  Connexion  of  Gt^oiogj- 
^'ilhlerre^triai  Magnetism,'*  8to,  London,  IS5K 
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Whether  either  or  both  of  the  above-named  causes  may 
be  regarded  as  applicable  or  adequate  to  have  produced  anj 
of  the  conteinplated  effects,  I  must  leave  to  the  astronomen 
to  determine.  There  is,  however,  another  cause,  first  sug- 
gested hj  Sir  C.  Ljell,  that  possesses  all  the  essential  re- 
quisites of  a  vera  eauta  ;  i^id  that  is  the  varying  influence 
of  the  distribution  of  land  and  sea  over  the  surface  of  the 
earth.* 

A  change  of  such  diBtribution  in  the  lapse  of  ages,  by  the  degradatioD 
of  the  old  lands,  and  the  elevation  of  new,  is  a  demonstrated  fact;  and 
the  influence  of  such  a  change  on  the  climates  of  particular  regions,  if 
not  of  the  whole  globe,  is  a  perfectly  fair  conclusion,  from  what  we  know 
of  continental,  insular,  and  oceanic  climates  by  actual  obsenratioD. 
"  Here,  then,"  observes  Sir  John  tierschel,  "  we  have,  at  least,  a  cause 
on  which  a  philosopher  may  consent  to  reason ;  though  whether  the 
changes  actually  going  on  are  such  as  to  warrant  the  whole  extent  of  the 
conclusion,  or  are  even  taking  place  in  the  right  direction,  may  be  con- 
sidered as  xmdecided,  until  the  matter  has  been  more  thoroug^y  ex- 
amined.** t  Another  astronomical  source  of  periodical  variability  in  the 
general  temperature  of  the  earth's  surface  has  been  brought  forward  by 
Sir  John  Herschel,]:  who,  instancing  the  observed  variability  in  the  lumi- 
nosity of  certain  stars,  suggests  the  possibility  that  the  sun  of  our  system 
may  in  the  course  of  ages  be  subject  to  similar  phases  of  augmented  or 
diminished  energy ;  and  that  such  variability  in  the  periods  contemplated 
by  Geology  may  have  given  rise  at  one  epoch  to  a  general  equatorial 
climate,  and  at  another  to  one  far  below  the  general  temperature  that 
now  prevails. 

Two  other  supposed  causes  of  the  existence  of  a  general  warm  climate 
in  the  earlier  geological  periods  may  be  here  mentioned :  namely^  !• 
Central  heat,  supposed  to  be  the  remains  of  a  former  and  very  much 
greater  heat,  which  has  been  gradually  diminishing  during  some  indefimte 
period  of  time :  2.  The  passage  of  the  solar  system  through  some  region 

♦  Highly  important  remarks  on  the  relative  extent  of  land  and  sea  m 
the  palepozoic  ages  were  found  in  the  18th  chapter  of  Sir  Roderick  Mur* 
chison's  "  Siluria." 

f  **  Discourse  on  the  Study  of  Natural  Philosophy,**  p.  146. 

t  In  his  magnificent  work,  entitled,  "  Result  of  Astronomical  ObseTT- 
athns  made  at  the  Cape  of  Good  Hope,**  1847,  p.  351. 
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of  stellar  space,  of  which  the  temperature,  owing  to  stellar  radiation,  is 
much  greater  than  that  in  which  it  is  now  placed. 

Both  of  these  hypotheses  have  been  treated,  especially  in  reference  to 
the  Glacial  period  in  the  Tertiary  age,  in  a  masterly  manner  by  Mr.  W. 
Hopkins,  of  Cambridge,  in  the  Geological  Society's  Journal.*  With  re- 
gard to  the  first,  he  remarks,  that  the  effect  on  the  superficial  tempera- 
ture due  to  this  cause  may  have  been  formerly  of  any  amount,  but  is  now 
reduced  to  within  l-20th  of  a  degree  of  Fahrenheit  of  that  ultimate  limit 
to  which  it  would  be  reduced  in  an  indefinite  period  of  time,  supposing 
the  external  conditions  under  which  the  earth  is  now  placed— such  as  the 
amount  of  radiation  from  the  sim  and  stars,  and  the  state  of  the  atmo- 
sphere— to  remain  as  at  present.  Poisson  has  calculated  that  it  would  re- 
quire 100,000  millions  of  years  to  reduce  the  present  temperature  by 
about  l-40th  of  a  degree  of  Fahrenheit.  It  is  probable,  therefore,  that 
many  millions  of  years  must  have  elapsed  since  the  central  heat  can  have 
elevated  the  earth's  superficial  temperi&ture  by  a  single  degree,  and  it  is 
only  to  the  more  remote  geological  periods  that  we  can  refer  for  any 
very  sensible  change  in  the  climatal  conditions  of  our  globe  due  to  this 
cause.  Prof.  Ramsay,  following  out  this  line  of  argument,  has  shown  f 
that  the  internal  heat  of  the  earth  has  exerted  no  important  climatal  in- 
fluence during  any  of  the  geological  periods,  from  the  Silurian  times  down- 
wards. 

Of  the  second  hypothiesis,  which  was  suggested  by  Poisson,  Mr.  Hop- 
kins remarks  that  it  involves  the  necessity  of  supposing  a  totally  different 
distribution  of  the  group  of  stars  to  which  the  sun  should  belong,  or  the 
near  approach  of  the  solar  system  to  some  individual  star ;  either  supposi- 
tion being  probably  inconsistent  with  the  integrity  of  the  solar  system  as  it 
now  exists.  At  all  events,  this  hypothesis  would  not  account  for  the 
changes  of  climatal  temperature  that  have  taken  place  in  comparatively 
late  geological  times. 

The  soundness  of  the  theoretical  views  of  the  probable  causes  of 
climatal  changes  suggested  by  Lyell  is  well  elucidated  by  Mr.  W. 
Hopkins*  in  the  Memoir  above  quoted,  by  an  exposition  of  the  probable 
configuration  of  the  European  and  North  American  areas  in  the  Glacial 
period; — when,  according  to  Mr.  Hopkins,  the  absence  of  the  Gulf-stream, 
with  its  influences  upon  the  western  coast  of  Europe,  may  be  assumed, 


•  See  his  Memoir,  "  On  the  Causes  of  Change  in  the  Earth's  Superfi- 
cial Temperature,"  Jonm.  Geol.  Soc.  vol.  viii.  p.  56 ;  and  his  Presi- 
dential Address  for  1852,  i5ui,  p.  Ivii. 

t  Qaart,  Joum.  Geol  Soc.  vol.  xi.  p.  203. 
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together  vitk  fha  wdbma^eoce  bennUi  Oeieft  of  ftkufs  fOftioB  of 
AOfUCfii  md  wrestcni  Europe** 

50.  Betbobpect  ;  BoTjLXicjLL  EPOCHS. — I  Will  oondiula 
this  discoone  with  s  review  of  the  prersiling  botsnicil  dn- 
neters  during  tiie  principal  gecdogical  epochs. 

Count  Stemberg;  M.  AdoI|^  Brongnurt,  Dr.  lindley,  and  other  tair 
nent  botankti  hmve  addoeed  some  interesting  genenlizatioaB  fron  tte 
foenl  floras  of  the  Tuioos  formations :  and  althoof^  eoodnsioBi  of  thii 
kind  most  be  regaided  in  the  nature  of  shifting  hypotheses,  and  will  re- 
quire to  be  modified  by  new  disooineries— for  all  the  ibasil  spedee  at  pt*' 
sent  known  amount  only  to  about  two  thonaand^t  yetthe  charactenof  ibe 
floras  of  certain  fbrmations  differ  in  so  striking  a  manner  finom  thoie  of 
others*  that  it  is  Yery  improbable  that  many  of  the  f^i"^t?#i  fintiiiw 
hare  been  lost 

The  flora  of  the  ancient  world  may  be  reguded  as  cfaaracteriitie  of 
three  distinct  eras.  The  first  period,  termed  by  Brongniart "  the  a^e  of 
Acrogens,"  comprehends  the  earliest  strata  in  which  traces  of  Tegetaticm 
appear,  J  and  includes  the  CSarboniferons.  The  plants  of  tlus  epoch  con- 
sist of  fucoids,  ferns  of  Tarious  kinds  in  great  abundance,  coniilnoiu  trees 
related  to  species  of  warm  climates,  cycadaces,  a  few  flowering  plants,! 

•  See  also  A.  Henfrejr's  "  Vegetation  of  Europe,"  for  some  TaluaWe 
remarks  on  this  subject. 

t  Prof.  Goppert,  in  1845  (Rep.  Brit  Assoc.),  computed  the  number 
of  species  of  fossil  plants  then  known  to  amount  to  nearly  2000 ;  and 
stated  their  distribution  in  the  strata  to  be  as  follows : — 


In  the  palaeozoic  strata  below 

Triassic 

.     ^ 

the  Coal,  principally  in  the 

Oolitic    . 

'   .       2M 

Devonian       ...    52 

Wealden     . 

16 

Carboniferous       .        .       819 

Cretaceous 

'    /     62 

Permian   .        .        .        .58 

Tertiary      . 

.    454 

J  Lycopodiaccous  seed-vessels  and  fragments  of  wood,  found  in  »•* 
Upper  Silurian  I'ilestones,  are  the  oldest -known  terrestrial  plant -reniafl* 
— H.  E.  Strickland,  Qtmrt.  Joum.  Geol.  Soc.  vol.  ix.  p.  10;  and  J*  ™' 
Salter,  ibid.  vol.  xiv.  p.  76. 

}  The  Antholites  of  the  coal-measures.  Some,  at  least,  of  these  ^^• 
liavc  belonged  to  monocotyledonous,  or  even  dicotyledonous,  flo«^ennK 
lUuita,  such  as  the  Bromeliacese  oi  tbe  Lobeliacesc.    See  Lindley  ^ 
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great  woody  eqnisetacee,  gigantic  lycopodiacete,  and  trees  (Sigillarie) 
whose  precise  relations  to  known  forms  is  not  determined.  In  this  flora 
the  tree-ferns  predominate,  and  the  general  type  of  the  vegetation  is  ana- 
logous to  that  of  the  islands  and  archipelagos  of  tropical  and  subtropical 
climates 

The  second  period  (that  of  Gjrmnosperms)  extends  from  the  Triassic 
or  New  Red  to  the  Chalk  inclusive,  and  is  characterized  by  the  occur- 
rence of  many  species  of  cycadaceie  and  coniferae,  a  few  palms,  and, 
in  the  Lias,*  of  a  few,  but  in  the  Cretaceous  beds  (see  vol.  i.  p.  329) 
of  many,  dicotyledonous  plants ;  while  the  proportion  of  ferns  is  much 
less  than  in  the  preceding  period,  and  the  lycopodiaceae  and  equisetacese 
are  fewer,  and  present  forms  different  to  those  of  the  carboniferous  strata. 
A  flora  of  this  nature  corresponds  with  that  of  the  coasts  and  maritime 
districts  of  New  Holland  and  the  Cape  of  Good  Hope. 

liie  third  epoch  (Brongniart's  *' age  of  Angiosperms  ")  is  that  of  the 
tertiary,  in  which  the  dicotyledonous  tribes  present  themselves  in  great 
abundance ;  the  cycadaceae  are  rare,  the  ferns  in  diminished  numbers, 
and  the  conifer®  and  palms  numerous. 

In  the  latest  tertiary  strata  are  imbedded  the  remains  of  trees  and 
plants  of  species  still  living  in  the  countries  where  these  deposits  occur ; 
and  so  also  in  the  beds  in  actual  progress  of  formation,  the  most  delicate 
vegetable  remains  are  preserved ;  thus,  in  the  lacustrine  marls  of  Scot- 
land the  leaves  and  seed-vessels  of  the  Charge  are  found  in  a  state  of 
fossilization  scarcely  distinguishable  from  the  gyrogonites  of  the  tertiary 
strata  of  the  Paris  basin,  and  of  Headon  Hill,  or  of  the  Purbeck  beds  of 
Dorsetshire. 

From  this  review  of  the  botanical  epochs  which  the  pre- 
sent state  of  geological  knowledge  enables  us  to  establish, 
we  perceive  that,  from  the  most  ancient  formation  in  which 
traces  of  vegetation  remain,  the  sea  has  supported  the  usual 
forms  of  marine  plants ;  and  that  on  the  land,  ferns,  other 
cryptogamia,  and  coniferae  have  existed  through  periods  of 
indefinite  duration  to  the  present  time ;  the  most  striking 
and  important  differences  in  the  ancient  and  modem  floras 
being  the  numerical  preponderance  of  the  cryptogamia  in 

Hnttcm's  "  Fossil  Flora ;  *'  Morris,  in    Prestwich's  Memoir  on  Coal- 
brook  Dale,  Geol.  Trans.  2nd  ser.   vol.  v. ;    and  Hooker,  in  Lyeirs 
"Manual"  (Supplem.  1857). 
•  Buckman,  Quart.  Joum.  Geol.  See.  vol.  \\.  ^.  bVl . 
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the  fonner,  and  of  the  dicotyledonous  tribes  in  the  latter,— 
and  the  more  extensive  geographical  range  of  the  sam. 
species  of  plants  during  the  Carboniferous  era.  The  theory 
of  the  progressive  development  of  creation  receives  no  sup 
port  from  the  state  of  vegetation  in  the  early  geologica 
epochs ;  not  only  the  most  perfectly  organized  of  the  cryptc 
gamic  dass,  but  the  conifene  *  also  are  among  the  oldest  c 
fossil  plants. 

G^ie  absence  of  nearly  all  vegetable  forms  in  the  moa 
ancient  fossiliferous  rocks  must  not  be  regarded  as  a  proc 
that  the  floras  of  those  remote  periods  Were  thus  sfcerila 
the  only  legitimate  inference,  in  the  present  state  of  oia 
knowledge,  is,  that  the  circumstances  under  which  thoa 
strata  were  accumulated  were  unfavourable  to  the  envelop 
ment  and  preservation  of  terrestrial  plants.  We  have  see: 
that  the  grand  fundamental  distinctions  of  the  vegetabl 
kingdom  existed  in  the  early  secondary  ages,  a  fact  in  ac 
cordance  with  what  we  observed  in  the  animal  kingdom 
and  thus  the  same  unity  of  purpose  and  design  is  manifest 
in  all  the  varied  forms  of  organization  that  lived  on  our 
planet  through  the  vast  periods  of  time  which  geological  in- 
vestigations have  enabled  us  to  scan. 

*  See  Dr.  Hooker's  opinion  of  the  rank  of  conifers  in  the  Tegotable 
kingdom,  Lyell's  "  Manual,"  5th  edit.  p.  373. 


THE  DETONIAN,  all-trB.JjLM|  AND  CAMBRIAN  PORttATIONS. 

F^UtrodntUiry.    2.  The  DeronlAH  Series.    3.  f^ubdlvliloni  of  the  Devon  fan  Series^— 

SmftiTdstiIre  and  treluid.    4.  DevanlAn  Strq.U  of  Devoiiabiro  add  Ccm  volL    ft.  Be- 

*«nfjni  Strata  of  SciHlAiitt.    ti.  l>«vantan  Strata  of  the  Contlnmnt  ana  Amfsrlcn.     7- 

'^TKinle  Bemjifiu  or  Itac  T>eyonlnn  Series,— Flan  ta,  Zooph^cs,  JV^DUnaca.    &.  D^yonlan 

^"^Mta^iu^nsH,    ^.  DcVDnbn  Fishes  and  BepUtca.     ID.   The  iSllarlan  and  Cambrlim 

^Ocli.    11.  Bllnrlan  antl  Cambrlarv  SErara  of  thtf  lirltlah  lalei.    12.  The  Lnnginjnd  ur 

,^^iD  Hopti.    13.  murlm  atriittt  of  StafToiitigtiire.    H.  Tbq  Clt^nt  Hills.    IB.  The 

Timlin.    16.  IHe  liIalTern  HlEls,  !^c.    17.  .Silurian  and  Camtrian  Strata  of  Europe  ATid 

■imtrlcii,  ts.  jyiurlan  Foiglls.— PJatit-reniiihtB.   l!3.  Silurian  Zoophj-tes,— Echliiodermi 

*iid  Ann&lld<>d.    2(J.  t^llnrian  Mollasca.    21.  Hilurlan  Cruitncca,    22.  \\»mit  Orffana  of 

*^i1]ob]t««.    23.  Slluhjia  Fl^ifis.    24,  SJnte-TOCks.    25,  Revlijwof  the  LoTrer  PaIa;ozoIc 

1-  Iktrodtjotoet. — In  the  previous  Lecture  tlie  Floras  of 
^He  palseoKoic  ages  constituted  the  principal  subject  of  invea- 
^^ation.  We  examined  the  primeval  foresta  of  eoniferae, 
til©  groves  of  arborescent  ferns,  and  jungle  a  of  Sigillarise 
*Hd  Calamites,  which  clothed  the  surface  of  the  soil  in  that 
'^mote  period  of  the  earth's  physical  history.  The  insects 
*bich  fluttered  among  the  tropical  vegetation  of  the  islands 
*Jid  contiuenta  of  those  periods,  the  reptiles  of  the  swamps, 
J^tid  the  flshea  and  cruataceana  which  inhabited  the  aeaa  and 
^verp,  were  brought  in  review  before  us,  and  we  contem- 
iteii  their  extraordinary  forms  and  organization,  aa  pre- 
yed by  those  natural  processes 

*'  Which  tamed  the  ocean -bed  to  rpck^ 
Aud  changed  ita  myrtad  living  swarm  a 
To  the  marble's  veined  fuims.**        Mas,  Howitt- 

^e  now  advance  another  stage  in  our  eventful  progress  ;  j 

*aa  ag^-j^  ^^  b^ye  ^o  inFestigate  depotite  t\iBLt  ^w^^a  >)^^^^^h 
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accumulating  for  innumerable  ages  in  the  profound  deptlu 
of  seas  fed  bj  riTers  and  streams  charged  with  the  detritus 
of  the  countries  OTer  which  they  flowed,  and  imbedding  the 
remains  of  the  plants  and  animals  that  existed  at  the  period 
of  their  formation.  Again  we  shall  find  new  forms  of  ex- 
istence presented  to  our  notice,  differing  from,  but  bearing 
an  analogy  to,  the  inhabitants  of  the  waters  which  deposited 
the  marine  strata  of  the  most  ancient  beds  previously  ex- 
amined, yet  altogether  dissimilar  from  those  of  modem  eras. 
In  vain  may  we  seek  for  the  remains  of  the  mammalia  of  the 
Tertiary  period, — of  the  molluscs,  fishes,  and  reptiles  of  the 
Chalk, — of  the  colossal  oviparous  quadrupeds  of  the  country 
of  the  Iguanodon, — of  the  dragon-forms  of  the  Oolite,— of 
the  fish-like  lizards  of  the  Lias, — or  of  the  tropical  forests 
of  the  Carboniferous  period, — all  have  disappeared;  and, as 
the  traveller,  who  ascends  to  the  regions  of  eternal  snow, 
gradually  loses  sight  of  the  abodes  of  man,  and  of  the  groves 
and  forests,  until  he  arrives  at  sterile  plains,  where  a  few 
stunted  shrubs  alone  meet  his  eye, — and,  as  he  advancesj 
even  these  are  lost,  and  mosses  and  lichens  remain  the  only 
vestiges  of  organic  life, —  and  these  too  at  length  pass  away, 
and  he  enters  the  confines  of  the  inorganic  kingdom  of 
nature ; — in  like  manner  the  geologist,  who  penetrates  the 
secret  recesses  of  the  globe,  perceives  at  every  step  of  his 
progress  the  existing  types  of  animals  and  vegetables  gra- 
dually disappear,  while  the  relics  of  other  creations  teem 
around  him;  these  in  their  turn  vanish  from  his  sight,— 
other  new  strange  modifications  of  organic  structure  sup- 
ply their  place, — these  also  fade  away, — traces  of  animal  and 
vegetable  life  become  less  and  less  manifest,  until  they  alto- 
gether disappear ;  and  he  descends  to  the  crystalline  rocks, 
where  all  evidence  of  organization  is  lost,  and  the  granite, 
like  a  pall  thrown  over  the  relics  of  the  former  world,  con- 
ceals for  ever  the  earliest  scenes  of  the  earth's  physical 
drama. 


i% 
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2.  TffB  DETOiTiAir  SEEiEa.— I  purpose  in  this  division 
of  the  present  Lectnre  to  coosider  the  charaeters  and  rela- 
tioni  of  the  3?emaiiiiag  sjatemi  of  foasiBferous  deposits, 
namely,  the  Devonian^  Silurian^  and  Cmnbrian  ;  all  the  still 
more  deeply  seated  rocks,  so  far  as  our  present  knowledge 
extendfl,  being  destitute  of  any  traces  of  organisation,  whe* 
tbfir  of  the  animal  or  of  the  vegetable  kingdoms. 

The  Devonian  seriEs^  formerly  called  the  Old  Red  Sandstone  (p.  Tdb), 
^  [mmedifltely  btneath  the  Carboniferous  Llmeatone,  and  is  Jnrgely 
ieieloped  in  Devonshire  and  Cornwall^  in  PembToke»hirG,  Monmouth- 
ihire,  tnd  Herefordfihire ;  in  Uie  south-east  border  of  the  Grampians, 
wid  over  a  large  portion  of  the  north-caatem  part  of  Scotland,  In  Ire* 
M  there  are  extensive  areas  of  strala  of  Devoniaji  age,  in  the  north, 
Wuth,  and  central  diatricts.  Thia  series  confiiets  of  many  aUernationiS  of 
i»(QgbHieraLBS}  &haleS|  and  sandstones,  in  yariouB  stales  of  induration, 
Tlje  conglomerates  are  formed  of  quarts -pebbles,  water- worn  fragments 
^  ^ile  and  oilier  rocks,  cemented  together  either  by  an  argillaceous  or 
idlicioua  p«ste,  coloured  more  or  leas  deeply  red  by  peroacide  of  iron, 
lite  (iiiartz  bag  been  chiefly  derived  from  the  vein-stones  of  the  old  akte- 
wcks.  These  strata  have  evidently  residted  from  the  degr^idation  of  an- 
ti*at  crystalline  and  schistose  rocks;  and  have  been  originally  ac. 
mmulited  in  the  state  of  pebbles,  sand,  and  mud. 

In  Scotland,  where  the  Devonian  aeries  was  first  charftcteriseed  by  being 
^i!  to  contain  many  peculiar  fossils,  arjd  where  it  is  of  vast  thickness, 
it  will  probably  always  be  known  by  its  first  name  of  "Old  Red  Sand' 
(tone.*'  Iti  Devonshire  it  contains  shells  of  a  character  intermediate  to 
those  of  the  Silurian,  on  the  one  handp  and  those  of  the  carboniferous 
'ockson  the  other,  and  none  of  which  ore  known  to  occur  in  Scotland, 
The  Devonian  or  Old  Red  strata  were  therefore  id  en  titled  first,  from 
tlieif  geological  position,  by  Sedgwick,  Mvirchison,  nnd  Lonsdale.*  Snb- 
««iuetitiy  the  two  first-mcutioned  of  these  authors  compared  the  De- 
iwum  of  Britain  with  the  infracarboniferous  rocks  of  the  Rhine^t 
l*«Uy,  Uie  identification  of  the  froup  aa  really  one,  both  by  poaitioa 
Wd  organic  con  ten  Is,  was  eslablished  by  the  survey  of  Russia,  when  Sir 
^  Mutchiiion,  Count  Keyserling,  and  M*  de  Verneuil  demonstrated   that 

13»  idithyolites  of  the  *'01d  Red*'  of  Scotland,  including  many  of  the 


•  Geol.  TranfJ.  2nd  aer.  vol.  v.  p,  633,  mid  p.  72 L 
t  Geol,  Transact,  2nd  aer.  voL  vi,  p,  2^1, 
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Tezy  same  species,  and  the  shells  of  the  Devonian  beds  of  the  south  d 
England,  are  congregated  in  the  same  masses  of  sand  and  shale.* 

Whilst  there  is  na  doubt  of  the  marine  origin  of  the  coraliiferoui  uA 
shelly  Devonian  limestones  and  shales  of  Devon,  Belgium,  GemMny. 
and  Russia,  there  is  a  difference  of  opinion  existing  aa  to  whether  the  Old 
Red  strata  of  Scotland,  Ireland,  and  Hereford  have  been  accumulated  in 
marine  or  in  fresh  water, — along  the  margins  of  a  sea,  or  in  gmt 
lakes.t 

The  fossils,  so  far  as  the  British  Isles  are  concerned,  do  not  decide  the 
question.  The  Old  Red  fishes  may  have  been  inhabitants  of  riven  and 
lakes,  like  their  modem  allies,  the  Bony-pikes  of  the  North  American 
waters,  and  the  Bichirs  of  the  Nile.  The  local  abundance  of  plant-re- 
mains merely  indicates,  in  some  cases,  the  close  proximity  of  land ;  an^ 
in  others,  probably,  the  presence  of  weedy  shallows.  The  only  shell-lihc 
fossil  in  the  Caithness  schists  is  undescribed,  and  may  be  either  a  Post 
donomya,  a  Cyclas,  or  an  Estheria.  On  the  other  hand,  the  peculiar  and 
characteristic  crustacean  of  the  Forfarshire  flagstones  (the  Pterygotus] 
is  associated  with  some  marine  shells  in  the  "Tilestones"  of  Lesmahage 
and  Ludlow  (the  passage-beds  between  the  Silurian  and  the  Old- Red) ; 
though  in  the  Yellow  Sandstone  of  Ireland  (Upper  Devonian  or  Lovei 
Carboniferous)  it  accompanies  the  probably  freshwater  mollusc,  Anodoi^ 
Jukesii, 

Although  usually  the  conglomerates  are  supposed  to  have  been  th« 
result  of  an  agitated  sea  acting  on  the  lately  upheaved  slate-rocks,  yet 
Mr.  Godwin-Austen  regards  these  great  conglomerate-beds  as  not  being 
more  than  equivalent  to  the  enormous  shingle-deposits  of  Lake  Superior, 
and  refers  to  the  fact  that  the  whole  extent  of  the  Old  Red  series  of  Great 
Britain  and  Ireland  is  not  equal  to  the  area  of  the  North  American 
lakes.  The  outflow  of  the  fresh  water  of  the  hypothetical  Old  Red  lake- 
system  would  carry  its  fishes  (which  might  also  have  been  of  estuarine 
habits)  into  the  sea-deposits  of  the  period ;  and  thus,  in  Mr.  Godwin- 
Austen's  opinion,  account  for  the  intermixture  of  the  Scottish  fishes  witli 
marine  shells  in  the  Devonian  strata  of  Russia.  In  North  America,  the 
Catskill  or  Old  Red  Sandstone  is  rich  with  the  characteristic  fish-remaina 
Holoptychiw  and  AaterolepiSy  but  yields  only  two  kinds  of  shells,— of  th< 
doubtful  genus  Cypricarditea  (Vanuxem).  Important  objections  tothn 
hypothesis,  however,  are  advanced  by  Sir  Roderick  Murchison,  in  "Si 
luria."t  ^ 

•  See  also  "  Siluria,"  p.  264. 

t  See  Godwin-Austen's  remarks,  Quart.  Joum.  Geol.  Soc.  vol.  x* 
/).  51,  &c  X  "SUuria,"  p.  269,  &c. 
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t  SiTBDmaiOKa  or  the  Detoitiak  System:  Heeb- 
POiDaHXEE  A  WD  iBELAJfD. — The  Uppermost  beds  of  tbis 
ystem,  for  the  most  part,  dip  contbrmabJy  beneath  the 
Qountain-limeitono,  or  otKer  membera  of  the  carbon iferoiia 
eries,  and  the  lowermost  pasa  into  at  rata  that  beloDg  to  the 
Lpper  member  of  the  Silnrian  series.  For  the  convenience 
■fattidy^  the  deposits  compriaed  in  this  formation  in  Here- 
ordshire  and  the  neighbouring  counties  are  subdivided  into 
wo  groups  :— 

h  QuARTZOSE  CONGLOMERATES,  SANDSTONES,  anh  seiali^s.    TUq  sand- 
atonea  are  often  either  of  a  deep  cliocolate-red  or  greenlsii  coloiif. 

^The  shales  partake  of  die  satne  tintSj  but  are  frequenily  mutiled 
TFith  blotches  of  red  ajid  green.  Fished  of  the  genus  Hohptifchiut 
and  plant-remalna. 
11  Flagstones,  BtiALESt  and  cornatone.  Sandy  fiagiatone$,  wiih 
intercalated  red  and  preenbh  shales,  containing  Irregular  bands 
of  concretionary  limestone^  provincially  termed  "comatone.* 
Abundant  TemaiiiH  of  Cepkatmpii  and  other  peculiar  fishes, 
^his  group  passes  mto   the  Upper  Silurian  *^Tllestone3; "  reddishi 

■  grey,  and  yellowish  shalea  and   fisiile  sandstones,  which  were 

■  formerly  grouped  with  Devonijin  strata,  hut  are  now  recognised 

■  as  passage-beds  between  the  two  eerier  though  most  nearly  con- 
'     neeted,  as  to  their  ^toologlcal  contents,  with  the  Silurian.*] 

The  total  thickness  of  this  system  in  Herefordshire  and 
Jtith  Wales  is  estimated  by  Sir  E.  Murchison  at  about 
too  feet ;  and  in  Brecknockshire  it  constitutes  the  loftiest 
Ofimtains  of  South  Britain.! 

The  red  congloineratea  of  this  syatem  are  well  displayed 
I  the  right  bank  of  the  Wye4  from  Monmouth  to  Tiatern 
bhej  {Medah,  p,  805)  :  and  the  Devonian  sandstone  and 
itiglomerate  form  the  base  of  the  Mountain-limestone  at 
ic  embouchure  of  the  Avon,  and  the  central  nucleus  or  axis 
HheMendip  Hills  (p,  522). 

•  Sec  Quart.  Joum,  Gcoh  Soc,  tdL  xili.  p.  290, 
t  "Silurian  System,"  p.  170,  &c.  ;   and  "  SUurbT"  p.  242. 
I  For  the  sec  lion  of  the  Old  Red  strata  uf  the  Wye^  see  PhUU\\*'* 
"^msL\  of  Geology/'  JB&O,  p.  Ul. 
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In  Ireland  there  are  several  straggling  exposures  of  red- 
dish sandstones  and  conglomerates,  in  the  southern,  central, 
and  northern  districts.*  These  sandstones  are  overlaid  at 
places  by  the  "yellow  sandstones"  and  " carboniferoitf 
slates."  t 

4.   DeVOKLOT   8TBA.TA.   OF  DeYONSHIBE  AJSTJ)  COBinrAIiL 

— In  the  south  of  Devonshire,  in  many  places  dipping  north- 
ward towards  and  beneath  the  anthracitic  or  culmiferous 
shales  and  limestones  (p.  697),  there  is  an  extensive  series 
of  strata  composed  of  green  chlorite-slates,  alternating  with 
quartzose  schists  and  sandstones,  with  blue  and  grey  lime- 
stones, which  pass  into,  or  are  associated  with,  red  sand- 
stones and  conglomerates.  Many  of  these  beds  abound  in 
organic  remains.  These  slaty  rocks  of  Devonshire  were 
formerly  regarded  as  belonging  to  the  earliest  or  most 
ancient  fossiliferous  strata — ^the  Ji'ansition  rocks,  as  they 
were  termed,  until  the  labours  of  Professor  Sedgwick  and 
Sir  E.  Murchison,  aided  by  the  palsBontological  research  of 
Mr.  Lonsdale,  ascertained  their  true  position  and  relations, 
and  the  unity  of  type  which  prevails  in  the  organic  remains 
of  the  entire  system,  in  places  very  distant  from  each  other, 
and  under  very  dissimilar  conditions  of  mineral  character. 
The  Devonian  strata  of  South  Devon  extend  westward 
into  Cornwall,  and  the  beautiful  coralline  marbles  of  Bab- 

♦  See  Griffith's  Geol.  Map  of  Ireland ;  and  the  Map  accompanying 
Mr.  Godwin-Austen's  Memoir  in  the  Geol.  Journ.  vol.  xii.  p.  46. 

t  See  Portlock's  "Report  on  Londonderry,"  &c. ;  Report  Brit. Assoc 
'843,  rep.  sect.  p.  42,  and  p.  47  ;  ibid.  1852,  sect.  pp.  43, 47,  and  51 ;  Mr. 
Kelly's  paper  in  the  Journ.  Geol.  Soc.  Dublin,  vol.  xii.  p.  115 ;  and  particu- 
larly Portlock's  Presid.  Address,  1857,  Geol.  Soc.  Journ.  vol.  xiii.  p.  120. 
To  this  late  summary,  by  Gen.  Portlock,  of  the  labours  of  geologists 
among  the  Carboniferous  and  Devonian  rocks  of  Ireland,  the  reader  is 
especially  referred  for  a  philosophical  review,  not  only  of  the  relations  of 
these  rocks,  but  of  the  piinciplea  by  which  geologists  should  be  guided  in 
working  out  the  correlation  oi  "pieawme^  e^^v?«5iew\.  ^^-^ois^^a  vdl  diffeient 
diatricia.    See  also  Austen,  B.e)p.  "Bi^^..  Ksa^c^.  Y^'^.^rrX.  ^.^%* 
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bicombe,  Torquay,  &<j.  (pp.  650  and  652)  belong  to  thia 
fonnation. 

In  North  Devon  *  bIbo  there  are  thick  eerie b  of  gritty, 
sandjj  and  shalj  rocks,  coming  out  from  under  the  black 
ttnthraciferoua  etrata  of  the  central  diatrict,  and  preaenting 
roan?  charactera  in  common  with  the  Devonian  rock  a  of 
South  Wales,  from  which  they  are  aeparated  by  the  Briatol 
CliiTinel. 

From  careful  and  extended  examinations  of  these  rocks 
aad  tbeir  foaails  in  North  and  South  Devon  and  in  Cornwall^ 
a  aerial  order  has  been  recogniaed,  according  to  which  the 
northern  and  aouthem  bands  of  strata  are  more  or  less  uni- 
formly arranged^  although  great  differences  in  their  mineral 
composition  and  in  the  variable  abundance  or  paucity  of 
fos&ilsj  and  the  frequent  metamprpbic  changes  the  rocka  have 
undergone,  bave  made  thia  a  diihcult  study, t 

Beneath  the  culm-limestones  and  black  shales  with  Fon- 
kffLom^^,  succeed — 
(I)  The  Barnstaple  or  Pethermn  group  of  strata ;  chiefly 
listing  of  shales  and  sandstoneB,  associated  with  a  lirae- 
ae  containiug  a  peculiar  cepbalopod,  the  Uli^menia^  of  the 
ffautiloid  family.  These  beds  contain  numeroua  plant-remains 
:  {ixpidaria,  <&c.),  and  comprise  a  series  of  strata  (the  Pilton 
gfoup)  wbieb  are  the  equivalents  of  the  '*  Telle w  Sandstones  " 
of  Ifeland  and  the  Boulonnaia,  They  constitute  the  beda 
^f  puasage  between  the  Carboniferous  to  the  Devoman 
systema,  being  very  closely  related  by  conformabihty  and 
ffisftila  to  the  former,  Thia  group  is  equivalent  also  to  the 
^^pHdinrnt-^chiefir  and  Olymemen-lcalk  of  Germany, 


Tfauti 
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*  Sfie  the  description  of  a.  aecUon  across  North  Devon,  in  *'  Siiurifl/* 

t  Sfldfwick,  Murchison,  Lonsdale,  Austen,  De  la  Beche,  PhUlipa, 
Sbrpe,  Giles,   Peach,  Pattison,  and  many  others  have  elucidaSed  these 
_^%tt  and  fossils  m  the  public4itLotisof  the  Geological  Societiea  of  Londi^n 
}  Cornwall,  and  in  other  works, 
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(2.)  The  Iljrapomh  or  ^Plymouth  group,  comprising  tberioli 
coral-limestones  of  South  Devon:   the  equivalent  of  tlie 
Eifelian  group  of  the  Devonian  rocks  on  the  Rhine,  contain- 
ing Stringocephaltta  Bttrtini,  Brontes  flahellifery  and  Gal* 
ceola  sandalina,  as  typical  fossils. 

(3.)  The  Linton  or  Ashburton  group ;  representing  the 
Wissenbach-slates  of  the  Ehine,  with  Pleurodictyum  pro- 
hlematicum, 

Cornwall  principally  consists  of  "  Devonian  *'  strata,  witli 
metamorphic  schists  or  slates  (killas),  and  great  masses  and 
numerous  dykes  (elvans)  of  igneous  rocks ;  but  Silurian  •  or    '. 
Cambrian  t  fossils  have  been  detected  in  the  schists  and    ' 
quartzites  of  two  of  the  southern  headlands  (Nare  Head  and 
the  Dodman).  ' 

The  kiilas  are  argillaceous  strata,  probably  of  "  Devonian  "    ] 
age,  that  have  been  indurated  by  metamorphic  action,  like    j 
those  of  Scandinavia  and  the  Ural  Mountains,  and,  as  in    { 
those  countries,  traversed  by  granites  and  porphyries.  SirB. 
Murchison  remarks,^   that  the  stanniferous   (tin-bearing) 
gravels  of  Cornwall  bear  the  same  relation  to  the  granite 
and  killas  as  the  auriferous  deposits  of  the  Urals  to  tbe 
erupted  and  schistose  rocks  of  that  chain. 

5.  Devonian  Seetes  ob  Old  Eed  op  Scotland.— The 
deposits  of  this  system  occupy  an  important  place  in  the 
geology  of  Scotland.  They  have  of  late  years  attracted  con- 
siderable attention  from  the  interesting  fossils  tl  ey  have 
yielded,  and  the  admirable  illustrations  of  the  most  import- 
ant phenomena  given  by  the  late  Mr.  Hugh  Miller  iu  bi^ 
delightful  and  instructive  works. §     According  to  this  charm- 

♦  Murchison;  Transact.  Roy.  Geol.  Soc.  Cornwall, vol.  vi.  p.  317, &c. 

t  Sedgwick ;  Quart.  Joum.  Geol.  Soc.  yoI.  riii.  p.  1,  &c. 
Jameson's  Edinburgh  Journal,  1847,  vol.  xliii.  p.  40. 

$  It  is  scarcely  necessary  to  enumerate  those  of  the  well-known 
works  of  this  gifted  and  lamented  writer  which  more  especially  refer  to 
his  favourite  and  long-studied  group  of  the  **  Old  Red "  strata.  The 
student  must  necessarily  Yiave  ftec^ueivl  recourse  to  the  following  ^or 
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mg  iriter,  the  whole  of  the  north-eaatem  part  of  Scotland, 
from  the  Pentlntid  Frith  t<>  the  mouth  of  the  Biver  Spey, 
consists  of  Devonian  deposits  reating  on  a  central  nucle\is  of 
matallme  rocks,  viz.  granite,  gneiaa,  and  micaceouB  echists. 
Sioiilar  strata  are  also  found  in  insulated  patches  in  various 
places  of  the  interior  of  the  country. 

South  of  the  Grampians,  Devonian  strata  underlie  the 
Carbotiiferons  strata  of  Fifeshire  ;  and  a  zone  of  these  de- 
posits skirts  the  southern  flank  of  those  mountains^from  Stone- 
haven to  the  Frith  of  Clyde,  and  constitutes,  with  intrusive 
trap-Pocks,  the  Sidlaw  Hills  and  the  Valley  of  Strathmore. 

In  B.  s«ctioti  •  of  the  country  from  the  foot  of  the  Grampians,  in  For- 
JknliireT  to  the  sea  at  Arbroath,  a  distance  of  about  twenty  iniles,  ivhere 
the  entire  masB  of  strata  is  several  thousand  feet  thick,  a  triple  diTision 
of  the  Old  Red  Saudatone  b  very  obrioua  ;  namdyj  1st,  and  uppermost, 
yeilowiah  sandstones,  red  and  mottled  shales,  cornstone,  and  fiandstone, 
2.  Conglomeratea,  often  of  vast  thicknesi.  3*  TiLestonea  and  paving- 
itcucs,  highly  micaceous.  The  lowermost  bods  contain  remains  of  grass- 
Kke  or  fucoidal  plants  in  abundance,  together  with  numerous  small  black 
patches  {Parka  decipien$  of  Fleming)  Tescmbling  cniBhed  blackberries, 
wm&  of  which  huvs  been  regarded  as  the  catkins  of  plants  resembling 
rushes  or  sedges  (Sparganium),  whilst  others  have  been  thought  to  re 
setnble  more  nearly  the  spawn  of  newts  and  other  aiiimals-t 

The  following  is  a  general  classification  of  the  Devonian  rocks  of 
North  Britain.! 

'  Sandstones  and  shales.  Reptiles  ( Telerpeton.  Elffineme 
and  foot- tracks)  ;  mimerous  6shes  j  some  plant-re- 
mains* Pebbly  grits  and  sandstone.  Remains  of 
fishes  and  plants 


Upper 
or  Yellow 
Group, 


criticaj  mforaiation  on  this  Interesting  series  and  its  fossils  : — "  The  Old 
^  baadstone,  or  New  Walks  in  an  Old  Field  j  "  "The  Footprints  of  the 
^rettor^  or  the  Asterolepis  of  Stroraness ;  "  and  *'  The  Testimony  of  the 

*  See  Lyell's  '*  Manual  of  Geology/'  5th  edit*  p*  48  j  and  Muichison** 
^'Siltnia,*'  p*248. 

t  See  Quart.  Joura,  Geol.  Soc,  toI.  Tiii*  p.  106  ;  and  LyeU*s  '*  Manual 
'ifGeology/'Sthedit.  p.  421, 

;  Pagers  ■*  Teit  Book,"  p,  124 ;  Lyell*s  "  Manual,"  p.  415,  &c.    Sett 
*^Bep.  Brit.  Assoc.  1855,  sect,  p.  92. 
3  e  2 
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r  Sandstones  and  conglomerates,  with  shales  and  com- 

«  i^^^^  I  stones.  (The  typical  "  Old  Red  "  of  Cumberiand, 
or  Red  Group.  ^      ^.^^^  p^^^  ^^  ^^^^  ^ 

r  Micaceous  sandy  flagstones,  sometimes  bituminous; 
Lower        \      numerous  fishes  and  plants  (Caithness) ;  flagstones 
or  Grey       -^      and  tilestones ;    flshes,  crustaceans    (Pterygoltu), 
Group.        J      and  plant-remains  (Forfarshire)  ;  with  sandstones 
>»      and  conglomerates. 
The  predominating  colour  of  the  great  eandstones  and 
conglomerates  has  probably  been  derived  from  the  debris  of 
the  red  granitic  gneiss  which  forms  chains  of  precipitous 
ridges  in  the  north  of  Scotland.     This  rock  contains  hsema- 
titic  iron-ore,  diffused  as  a  component  of  the  stone  through- 
out its  entire  mass  ;  and  this  metal  also  occurs  in  insulated 
blocks  of  great  richness,  and  in  thin  filiform  veins.* 

6.  Devonian  bocks  op  the  CoirriNBirT  and  Ameeica. 
— On  the  Continent,  Devonian  strata  are  of  wide  extent.t 

They  hare  been  well  studied  in  Brittany,  the  Boiilonnais,  and  Belginio- 
In  Rhenish  Prussia  and  the  adjacent  districts  of  Germany,  they  underlie 
the  carboniferous  series,  and  may  be  traced  around,  and  dipping  under, , 
the  coal-field  of  Westphalia.  In  the  Rhenish  Provinces,  though  the 
strata  are  often  greatly  contorted  and  broken,  and  even  sometimes  in- 
verted or  bent  back, — the  younger  lying  over  the  older  beds, — yet  a  perfect 
and  complete  succession  of  groups  of  Devonian  strata  have  been  sho^ 
to  exist  in  this  region,  chiefly  by  the  labours  of  Sedgwick  and  Murchison,} 
d'Archiac  and  De  Vemeuil,  Rcemer,  and  the  brothers  Sandberger. 

*  MUler*8  •*  Old  Red  Sandstone,"  p.  248. 

t  See  Murchison  and  Nicors  Geol.  Map  of  Europe ;  "  Siluria,"  chapters 
10,  13,  14,  and  15  ;  and  Phillips*  "  Manual,"  p.  144. 

t  The  important  Memoir,  "  On  the  Distribution  and  Classification  of  the 
Older  or  Palaeozoic  Deposits  of  the  North  of  Germany  and  Belgium,  aD<^ 
their  Co-mparison  with  Formations  of  the  same  age  in  the  British  Isles," 
by  Sedgwick  and  Murchison,  in  the  GeoU  Trans.  2nd  ser.  vol.  vi.  p.  22l» 
&c.,  followed  by  MM.  d'Archiac  and  De  Vemeuirs  "  Descriptions  of  the 
Fossils  of  the  Older  Deposits  in  the  Rhenish  Provinces  "  (ibid.  p.  303),  ^^ 
the  groundwork  for  subsequent  labours  in  this  field.  A  full  resume  of 
the  subject,  enriched  with  all  the  corrections  and  additions  made  since 
1840,  and  noticing  the  views  of  others  relative  to  som^  discussed  points 
of  clasaific&tionf  has  been  given  lo  the  public  in  Sir  R.  Murchison 's  !»** 
work  on  the  history  of  the  Pa\aoio\c  xoc^JLa/'^^^«^3^\**   «cA\ft^^ 
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Tbe  general  order  of  th«  HJienLEih  Devonlui  serLet  ftppeari  to  bg^  isti 
[uppermost),  Cypridmn^schists,  Clymenia-limestones,  and  Gouklite- 
K3lusts;  2,  the  ^at  Eifel-limi?8toi»e  and  Calceola-schiBt ;  3*  Wiaaen- 
Jich-flchials  and  the  Cobkntz-grey  wacke  or  Spirifer-saudstone. 

In  Kussia,  according  to  the  researches  of  Sir  R,  I»  Murchiaon  and  hia 
ioUe^nea,*  the  Devonian  strata  eilciid  overixn  area  of  150iO0O  square 
niJe^  a  region  more  spacious  than  the  British  Isles  5  and  yet  throughout 
Ms  Tftst  auperficiea  \he  serieSj  though  of  leas  Ihii^tiess,  is  even  more 
lifltmctly  marked  by  ita  typical  fosails  than  in  the  disturbed  diatricts  of 
>Tit  own  little  laJand :  for  the  fossil  Ishea  of  Old  Red  flcbista  of  Bcotlandj 
ind  the  fo^H  sheila  of  Devoo shire  and  the  Eifel,  are  there  fotnid  in  the 
mme  deposits. 

In  North  America,  the  DeTonian  depoaita  appear  in  a  very  prominent 
aad  characteristic  form,  aurrounding  each  of  the  great  coal-fields  of  the 
Utiited  States ;  and  consist  of  a  thick  series  of  shalea^  sandstonea,  and 
flagstones,  often  rich  wilb  Devonian  fossils,  aurniouuted  by  red  sandstone, 
coagloraerate,  and  shales  contain ingr  remains  of  some  of  the  pecntiar  fishes 
"wtkli  are  so  abnndant  also  in  the  '*  old  red  sandatone  "  of  England  and 
Scodajid*  Tlieae  Devonian  roeks  of  North  America  are  divided  into  the 
fallowing  12  groups,  in  descending  order,  the  Catakill,  Chemung,  and 
Portigie  groupa,  Geuesjsee  alate,  Tully -limes tone,  Hamilton  groups  Mar- 
cellm>BhaleB^  Comiferoue  and  Onondaga  limestones,  Schoharie  and  Cauda- 
fiUi  grits,  and  the  Orinkany  sandstone.  Devonian  rocks  occur  also  on 
tb  eastern  aide  of  the  Rocky  Mountains,  aiong  the  great  Ma^ckenzie 

Devonian  fossils  have  been  found  also  in  South  America  (D'Orbigny);J 
^  Falkland  lalanda  (Darwin), 4  Auairalia  (Stredecki),jJ  North  and 
^^AMca  (Overweglf  and  Bain),*^  and  China,  ft  In  fact,  the  Devonian 
*^  are  perhaps  the  mo^t  widely  spread  of  all  the  palso^oic  groups. 


I 


ftUndard  authority  the  reader  is  referred  for  a  full  account  of  the  De- 
^mm  rocks  of  Germany  and  Belgium,  and  a  comparison  of  theae  with 
^e  Old  Red  aeries  of  Britain  and  other  countries. 

*  '*  Geology  of  Russia  in  Europe  and  the  UraU" 

t  Richardson  and  Isbiater,  Geol.  Soc.  Joum.  vol.  ii.  p*  509. 

t  "Voyage  dans  I'Amcriquo  Meridionale,"  p,  35, 

\  Qtiart,  Joum.  GeoL  Soc.  voL  ii,  p.  274» 

II  *'  Physical  Description  of  New  South  Walea  Emd  Van  Diemen*a 
Luid:  AppeiidiJC. 

1  H*p.  Brit*  Assoc  1&51,  sect.  p.  58. 

"  Traaa,  Geol  Soc.  2nd  ser.  vol.  viL  pp.  182  and  234. 

tt  Bullet.  I'Acad.  Beig.  vo/.  jjii,  p§rt  ?,  p.  415,    Quait.  Iotktv-  G&iJv 

;  roA  £1,  p,  3dS;  and  idid.  vol.  iii,  p,  378» 
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7.  Obgakio  EEMAnrs  op  the  Detoniak. — The  depoeit^^ 
comprised  under  the  names  of  the  "  Old  Eed  "  and  "  DevonL  - 
an"  were  formerly  regarded  as  very  sterile  in  organic  remain^i^ . 
and  classed  among  the  so-called  Transitionrocks  (vol.  i.  p.  37^  . 
in  which  it  was  supposed  that  traces  of  animal  life  first  a{»-* 
peared.      Modem  researches,  however,  have  shown  that?^ 
•  though  many  of  the  strata  are  locally  unproductive  in  fossils^ 
yet  others  abound  in  the  remains  of  corals,  shells,  crustaceans, 
and  fishes.    The  marine  fauna  of  this  period  is  extremely 
rich,  containing  certain  peculiar  types,  but,  as  a  whole,  form- 
ing a  connecting  link  between  the  zoology  of  the  Silurian 
series,  which  preceded  it,    and  the  Carboniferous,  which 
followed. 

Ichthyolites  are  abundant,  and  occasionally  crustaceans, 
in  some  of  the  sandstones  of  Caithness,  Cromarty,  Forfar, 
Gamrie,*  and  other  localities  in  Scotland,  and  in  the  Old  Eed 
Sandstone  of  Herefordshire  ;  but  only  very  slight  traces  of 
shells  have  been  found.  In  the  limestones  and  schists  of 
Devonshire,  on  the  contrary,  shells,  corals,  crinoids,  and  tri- 
lobites  are  numerous. 

Plants, — Of  the  vegetable  kingdom,  many  traces  are 
found  in  the  Devonian  series ;  as  well  as  occasional  inter- 
calations of  thin  layers  of  coal  and  carbonaceous  strata.  As 
a  whole,  the  Devonian  flora  is  nearly  related  to  that  of  the 
subsequent  Carboniferous  period. 

The  flagstones  of  Forfarshire  abound  with  impressions  of  obscure  plant- 
remains,  and  amongst  these  are  found  the  blackberry -like  fossils,  already 
alluded  to  under  the  name  of  Parka  decipiens  (p.  787).  These  are  groups 
of  small,  flattened  hexagonal,  carbonaceous  bodies,  occupying  slight  de- 
pressions in  the  stone ;  and,  according  to  some  observers,  f  are  not  always 
relics  of  seeds,  but  frequently  are  the  remains  of  the  spawn  of  molluscs 
and  batrachians,  and  even  possibly  of  crustaceans  and  fishes. 

•  Prestwich,  GeoL  Trans.  2nd  ser.  vol.  v.  p.  139. 
f  Fleming,  in  Edinb.  Joum.  lia\..Sc\«wie,V^l^^oU  iii.»  and  in  Murchi- 
Bon'a  "Siiuria,"  p.  266;  ManVeW,  QximV.  iowm.  ^^Os..  ^^^.^o^  xvi^ 
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^p  th&  flag^n^B  of  CdtliPeiss  aiid  Lhe  Orkneys  Imve  ofibrded  niiicli  ractm 
^linct  endefices  of  the  Devonian  flora.  According  to  Mr^  Salter,*  ive 
iiiiire  here  the  stems  and  roots  of  Conifers  in  abnudance^  wllh  rcmaiiiH 
flf  Lycopodiaceoua  plants^  not  altogothcr  dkBimilAf  from  some  porllons 
of  (ke  rich  Devonian  flora  of  the  Thiirlngerwaldj  coUeuted  and  described 

_   tj  Rfckter  and  Unger^f 

h  the  "  Yellow  Sandatoue  **  of  Knocktopher,  near  Kilkenny,  which  is 
umally  classed  as*  Upper  Devonian,  ferns  (C^chpi^U  Hiberniffa)^  Le- 
pid^deHfiroTit  Lepidopkythtmy  and  St  iff  mar  ia  occur  in  pro  fusion  ^  aaso- 
eUted  wilh  remains  of  H&liiptycHns^  Ptert/ffoitu^  and  an  Anodonta-Uke 
t!>eU,+  Iq  North  America  also  plant-remains  are  freqnent  in  the  Devonian 
stntto,  jsjjd  Lepidodendron  occurg  low  down  in  the  series.  Prof,  Daw- 
ifnj  ^  has  recognked  coniferona  wood  in  the  Devonian  rutka  of  Gasp^, 
Coaida 

Zaoph^teSy  <fcc.|]  —  The  Corals  and  Crinoids  are  numerous, 
and  maay  of  the  genera  are  found  also  both  in  the  Silurian 
iud  the  Carboniferous  rocks.      Alveolites^   iFamntes^    and 

*  Quart.  Jonm.  GeoL  Soc*  vol.  xiv.  p.  73.  See  also  Hugh  Miller's 
" Testimony  of  the  Rocks." 

t  Vienna  Acad.  Transact  vol  li. 

I  fieport  Brit.  Assoc*  l%b%  rep.  secL  p.  43.  See  also  Prof.  Hark- 
D«i"s  piper  on  the  *'  Occurrence  of  Scalariform  Tissue  in  the  Devonian 
Soeka  of  Ireland."   Edinb.  New  PhiL  Jonm-  vol.  iv.  p,  65, 

(  Proceed*  Americ.  Aasoc.  1 0th  meeting,  p.  174 

I  For  tigTues  and  destjriptions  of  the  fossil  inveriebrata  of  the  Palte- 
^im  rucks  of  Cornwall,  Devon,  and  West  Somerset,  the  tstudeiit  nin^t 
coaflult  Piof.  Phillips's  able  "Report  Pal.  Foas,,"  &c.,  ISil;  and  the 
Hemoirs  by  Sedgwick,  Murchison,  Lonsdale,  and  Austen,  in  the  Geol. 
Tranaact.  2nd  ser.  vols,  v.  vi.,  &c»  The  Devonian  Corals  of  Britain  form 
l^e  subject  of  a  beautiful  Mono^aph,  by  Milne  Edwards  and  Haime,  pub- 
Med  by  the  Palaiontographical  Society,  1S53.  Agassiit's  "  Poias.  Foss." 
WdHu'^rh  Miller's  "Old  lied  Sandstone  "  and  other  works  illustrate  the 
lieroniaa  fishes.  The  Devonian  fossils  of  Germany  may  be  studied  in  the 
special  Memoirs  by  D*Archiac  and  DeVemeuiljHiehter  and  Unger.Rcemcr, 
^  Sandbcrgers,  Geinttz,  &c* ;  those  of  France  are  illnstrated  in  many 
pipers  in  the  Bulletin  and  Memotres  of  the  Geological  Society  of  France; 
*tiil  those  of  Russia  have  been  described  by  D'Orbigny,  and  beautifully 
figured  in  the  *'  GeoL  Russia."  Hall,  Vanujtem,  and  others  have  well 
iUuslraled  the  Devonian  fossils  of  North  America.  Several  Devonian 
f'ssail*  are  well  figured  in  LyelPs  "  Manna','*  5th  edit.,  and  in  Murchi' 
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Oyathophyllum  are  common  in  the  Mountain-limeBtoney  the 
Deyonian  marbles,  and  the  Upper  Silurian  of  Dudley.  The 
crinoideans  comprise  seyeral  genera,  especially  Oyathocrinui 
(p.  664)  and  Hexacrinus,  Pentremites  and  EchinotpharUes 
also  occur.  The  bryozoa  also  are  well  represented  in  the 
Devonian  rocks. 

Mollusca. — The  shells  in  some  districts  are  very  numerous, 
consisting  of  many  genera  of  gasteropoda ;  as,  Mtomphaltu, 
Loxonema,  Pleurotomaria,  Murehisonia,  &c. ;  and  acephala^ 
as  Avicula,  Cuculkpa,  Mepalodon,  Nucula,  &g. 

But  the  most  remarkable  feature  in  the  conchology  of 
this  epoch  is  the  abundance  of  the  ancient  types  of  brachio- 
poda.  In  the  British  Devonian  strata  alone  have  been 
determined  of  Atkyris  7  species,  ZeptcBna  8,  Orthis  12, 
Ehynchonella  19,  and  of  Spirifer  27. 

Of  the  higher  order  of  molluscous  animals,  species  of 
five  genera  are  met  with  in  Devonshire.  The  most  common 
belong  to  Orthoceras,  Oyrtoceras,  Ooniatites,*  and  Clymenia.i 
The  Orthoceratites  in  the  limestones  of  Devonshire  often 
attain  a  large  size.  G^ie  shell  is  commonly  changed  into 
white  calcareous  spar,  which  in  sections  forms  a  beautiful 
contrast  with  the  red  hue  of  the  surrounding  rock.J  Two 
species  of  Nautiltts  are  found  in  Devon,  and  five  species  of 
the  heteropodous  JBellerophon, 

8.  Crustaceans  or  the  DBvoiaAK  Sebies. — In  this 
formation  the  chief  palaeozoic  type  of  Crustaceans,  the  Tri- 
lobite,  is  present  in  considerable  numbers,  though  not  rival- 
ling the  myriads  that  are  imbedded  in  the  Silurian  rocks. 

•  Medals,  p.  482.  .   f  Medals,  p.  473. 

X  Polished  slices  of  marble  marked  with  sections  of  Orthoceratites  are 

sold  by  the  lapidaries  of  Torquay  and  Teignmouth.  Medals,  p.  474.  The 

curious  bodies,  termed  "  Beekites,*'  which  are  found  in  the  New  Bed 

Conglomerate  of  Torquay,  appear  to  have  been  rolled  fossils  of  the  Devo- 

oiaa  lioiestone,  which  have  been  coated  with  chalcedony  whilst  in  the 

eoagloiDerate,  and  afterwards  decom^o^^VA  «^^«d\«st  ^tl  \s^  extent.  See 

Sep.  BriL  Assoc.  1856,  sect.  p.  14. 
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The  Thaeops  is  a  common  form ;  the  spinose  Homolonoti  *  are 
characteristic ;  and  a  peculiar  trilobite,  termed  Brontes  fldbeU 
lifer,  has  hitherto  been  found  only  in  the  Devonian  deposits. 

Pterygotus, — ^A  large  species  of  an  extinct  genus  of  crus- 
taceans,  of  a  low  type,  occurs  in  the  Devonian  sandstone  of 
Porfarshire,  Herefordshire,  &c. ;  and  fragments  of  the  cara- 
pace or  shell  have  long  been  known  to  collectors  as  ^^petri- 
fied Seraphims,^'  the  name  applied  to  these  fossils  by  the 
quarrymen,  from  their  fancied  resemblance  to  the  conven- 
tional figures  of  cherubs.t  The  first  specimens  which  threw 
light  on  the  nature  of  the  original  were  discovered  by  Mr. 
Hugh  Miller  at  Babruddery.  The  carapace  of  this  animal 
forms  a  somewhat  semicircular  shield,  and  the  long  part  of 
the  body  is  protected  by  a  succession  of  transverse  plates, 
terminated  by  a  caudal  flap.;]:  The  claws  resemble  those  of 
the  common  lobster.  The  crustaceous  covering,  or  shell,  is 
ornamented  externally  with  circular  and  elliptical  markings, 
which  give  it  an  imbricated,  scaly,  and  somewhat  feathered 
appearance:  and  it  was  the  imprints  of  this  surface  that 
produced  the  enigmatical  fossils  to  which  the  workmen 
ascribed  a  celestkd  origin !  Some  specimens  in  dicate  a  total 
length  of  eight  feet. 

JPierygotus  occurs  also  in  the  uppermost  of  the  Silurian 
deposits ;  and  Enrypterus,  an  allied  genus,  occurs  both  in  the 
Upper  Silurian  and  in  the  Carboniferous  rocks.  Some  of 
the  small  bivalvular  entomostraca  occur  also  in  the  Devonian 
rocks,  such  as  the  Leperditia  ;  §  and  a  great  group  of  schists 

•  LyeU's  "  Manual,"  p.  429.  f  Miller's  **  Old  Red  Sandstone." 
I  See  Lyeirs  "  Manual,"  5th  edit.  p.  420,  for  a  restored  figure  of 
this  animal,  by  Prof.  M'Coy ;  and  the  Quart.  Joum.  Geol.  Soc.  toI.  xii. 
p.  28,  for  a  figure  of  Himantoptenu  (a  closely  allied  form),  by  Mr.  Salter ; 
see  also  Salter,  ibid,  toI.  viii.  p.  386,  and  Agassiz,  '*  Foss.  Vieux  Gr^s 
Rouge,"  p.  xix.  By  the  kind  permission  of  Sir  R.  Murchison,  the  Editor 
can  also  refer  to  p.  155  of  the  new  edition  of  "  Siluria,"  now  in  the  pressy 
fot  a  restored  figure  of  Pterygotus,  by  Mt.  Sa\\AT« 
§  Annals  Nat.  Hist.  2nd  ser.  vol.  xviil.  p,  8.^ 
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in  the  upper  part  of  tlie  series  la  so  full  of  tlie  shells  imd 
casts  of  entoDioetraca,  hitherto  supposed  to  bo  Ct/pridm, 
that  thej  are  kuown  m  the  "  Uypridmeu-achiefer."  It  is 
highly  prohable,  however,  that  these  entomostmea  will  prove 
to  have  little  or  no  reliition  to  the  C^pridina  of  M.  Hilii^ 
Edwarda,  when  carefully  eitamiued  by  crustaceologists. 

9.   ElSUHS  AND  REPTlLEa   OF   THE   DfiVOKlAN   SeEIES- 

M-  Agasais  has  determined  ao  leaa  than  one  hundred  apmes 
of  fossil  fishes  from  the  Devonian  formation,  in  which,  not 
very  many  yeara  since,  a  few  doubtful  scaleaj  diacovered  in 
Forfarshire  by  the  late  I>r,  Fleming,  were  the  only  known 
vestigea  of  this  claas  of  verteb rated  animals.  In  the  Briti^li 
series  there  are  upwards  of  ninety  apecies,  belonging  to 
about  thirty-five  genera.     Of  theaCi  the  most  characteriatw 


k. 


A  a iiltflDiHl  ipecl men  ihii  *rliiff  the  donfl]!  lurfi ce-    ( Dn# -fimrth  the  nst.  liw.) 
Fr«Eii  iht  Jl?Toniiiin  itratii  urGlaeumliJa  FurfiU^liIrr- 

are  the  QepJiala^is,  Ffenchth^s,  and  Coccostemt  which  form 
a  group  of  eitinct  genera,  that  have  only  a  few  represent** 
tives  in  the  uppermost  portion  of  the  Silurian  formation  b^ 
low,  and  none  in  the  Curboaiferoua  rocks  above  j  norjCicept 
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at  and  faint  analogies  with  exiflting  fi&hes,  can  these 
able  organisms  be  brought  within  the  pale  of  aoologi- 
Qgement.  These  icbtbyolites  agree  iii  one  general 
bter,  that  of  haring  relatively  enormous  osseous  plates 
atcheons  covering  the  head  and  anterior  portion  of  the 

itkalaspi^.*— In  the  extraordinary  genus  of  fiahes,  named 

Epk  {Jlead^buekler)  by  M.  Agaesiiij  the  head  la 
by  a  broad  and  thin  buckler  or  shield  of  bone.t 
es  of  the  tail  formed  elevated  bands,  and  the  rays  of 
|ja  were  covered  by  the  membrane  which  elsewhere  aur- 
led  them.  From  the  large  size  of  the  plate  forming 
Brer  of  the  head,  its  lamellar  structure,  and  crescent- 
brm,  terminating  backwards  in  two  horns  or  points, 
bed  specimens  were  formerly  supposed  to  belong  to  tri- 
t  or  some  other  cruataceauH.  The  body  is  covered  with 
i,  and  the  shield  is  Bometimea  ornamented  with  radiated 


Lias,  195.-^EPHALANFIS  TjTEliUt. 
lAuml  Tlevri4li<»«rLuf  ihe  produced  dorBul  labe  of  tbt  bilL 


pngs,  as  in  Cephala^is  ornaius  and  C  verrucos^us.f 
terous  remains  of  these  fishes  have  been  found  in  the 
liian  strata  of  Herefordshire,  Scotland,  and  Eussia.  iir. 

te(kl5,  p.  610.         t  Huxley  |  GeoL  Proceed.  ift.TkVLM^  ^jiCuA'^''^'^- 
jT  QuAtL  Joum,  Geol  Soc,  vol,  xW.  ^.  4&> 
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Miller  states,  tliat  in  Scotland  they  are  principally  restricted 
to  the  group  of  comstone  and  marls.  Some  tspecies  occur 
also  in  the  uppermost  Silurian  strata. 

Pterichthys* — The  fishes  of  this  genus  are  distinguished 
by  two  wing-like  lateral  appendages,  which,  like  the  spines 
of  the  common  Bull-head  {Coitus  yobio),  were  weapons  of 
defence.  The  head  and  anterior  part  of  the  body  are  covered 
with  large  angular  tuberculated  scutcheons.  There  are  two 
eyes,  which  are  placed  in  front  of  the  lateral  spines.  Ten 
species  occur  in  the  British  strata;  mostly  not  exceeding 
eight  or  ten  inches  in  length. 

Chccosteus.f — In  form,  and  in  the  arrangement  of  the 
bony  scutcheons,  the  fishes  of  this  genus  have  a  resemblance 
to  the  Fterichthys.  The  plates  are  tuberculated ;  the  tail  is 
very  long,  covered  with  scales,  and  supports  a  fin.  There 
are  four  or  five  species,  varying  in  length  from  a  few  inches 
to  two  feet.  *  Their  remains  are  the  most  abundant  of  the 
ichthyolites  of  the  Old  Bed  rocks.  Patches  of  detached 
scales  and  separate  osseous  plates  are  very  frequent  in  the 
sandy  comstones  and  subcrystalline  limestones.  They  are 
usually  of  a  brilliant  blue  or  purple  colour,  which,  strong- 
ly contrasting  with  the  dull  red  tint  of  the  surrounding 
rock,  renders  them  easy  to  be  detected.  This  colour  is  sup- 
posed to  be  due  to  the  presence  of  phosphate  of  iron.J  ^ 
none  of  these  fishes  have  any  traces  of  vertebrae  been  dis- 
covered ;  it  is  therefore  probable  that  the  spinal  colunm  was 
cartilaginous,  as  in  the  Sturgeon- 

Soloptychius. — My  limits  will  only  admit  of  a  rapid  no- 
tice of  a  few  other  Devonian  ichthyolites.  Among  these, 
several  species  of  the  large  ganoid  fishes,  named  RoloptH' 
chilis,^  from  the  peculiar  character  of  the  scales,  are  most 

*  Wing-fish,  Medals  of  Creation,  p.  612.  Miller's  «  Old  Red  Sand- 
stone.*' 

f  Berry-bofied :  from  the  plates  being  studded  over  with  small  tuber- 
cles. Medals  of  Creation,  p.  614;  Miller,  op.  cit. ;  and  "  Siluria,"  P* 
252,  I  **  SWunaxv  S^^Vfcm,"  ^.  588. 

{  SoUd'Wrinkled,     K  splendid  apecvnkea  qI  H.  twjbUutxmxuA^^^^'^* 
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strikingly  conspicuous.  This  genus  we  have  already  noticed 
in  tbe  account  of  the  carboniferous  ichthyolites  (p.  770). 

Dendrodus. — This  fish  is  allied  to  the  Holoptychius,  but 
tbe  structure  of  the  teeth,  scales,  and  occipital  plates  is  pe- 
culiar. The  teeth  are  of  a  conical  form,  slightly  curved, 
solid  throughout,  and  finely  striated  longitudinally;  and 
tbe  calcigerous  tubes  are  so  disposed  as  to  produce  a  den- 
dritical  or  arborescent  appearance  in  transverse  sections ;  a 
character  which  is  expressed  by  the  name  Dendrodus,*  given 
to  the  fish  by  Prof.  Owen. 

Dipterus  and  Diploptertis  are  two  nearly  related  genera 
of  ganoid  fishes,  so  named  from  their  possessing  two  dorsal 
fins,  which  are  placed  opposite  the  anal  and  ventral  fins. 
These  fishes,  together  with  the  Osteolepisjf  another  common 
Devonian  genus,  have  bony  scales  plated  with  enamel  and 
finely  punctated ;  and  their  jaws  consisted  of  enamel  without 
and  bone  within,  and  were  beset  with  sharp-pointed  teeth. 

Olyptolepis,  Cheirolcpis,  and  Cheiraccmthus  %  are  other  cha- 
racteristic fishes  of  this  series  of  deposits.  Of  the  placoid 
fishes  (p.  352),  species  of  the  genera  Onchus  and  Cteno' 
eanthus  have  been  discovered ;  but  the  placoideans  are  but 
feebly  represented  in  the  Devonian  epoch,  while  the  ganoid 
group  is  largely  developed. 

Reptiles. — The  most  ancient  reptilian  ichnolites  or  foot- 
prints are  those  discovered  by  Capt.  Brickenden,§  in  the 
Old  Ited  Sandstone  of  Cummingston,  near  Elgin,  which  re- 
semble the  track  of  a  Chelonian  reptile.    But  still  more  in- 

eight  inches  long,  is  figured  in  ''  Silurian  System,"  pi.  2,  and  is  now  in 
the  British  Museum ;  "  Petrif."  p.  434. 

*  Tree-tooth.     Medals  of  Creation,  p.  618,  and  PL  VI.  fig.  8. 
t  Bony-fcale.    Miller's  "Old  Red  Sandstone,"  p.  80;   and  "Foot- 
prints of  the  Creator,"  p.  30. 

~    X  Cctrved'eeale,  Hand-scaU,  and  Hand'thom.    Consult  Hugh  Miller's 
%orks  above  quoted ;  Agassiz's  beautiful  Monograph  on  tlie  F\&bft»  o^ 
tbe  Old  Red  Sandstone;  and  Murchison's  "  S\\\m»iL ^'5%\«m** 
/  Quart  Jonm.  Geol  Soc.  rol.  viii.  p.  97. 
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teresting  evidence  of  the  existence  of  oviparous  quadijipeds 
in  the  Devonian  period  has  been  afforded  hj  Mr.  Duff's  dia- 


LioiT.  186.— ^TELKaPKTOM  ELOINEN8E.    Prom  the  Old  Bed  Sandstone  of  Scotlaad. 
Outline  of  the  restored  form  of  the  original  reptile :  one-half  the  natural  sise. 

covery  of  the  skeleton  of  a  small  reptile  in  the  same  sand- 
stone, near  Elgin,  that  has  yielded  the  footprints.  This  is 
the  Telerpeton  Elginense  (Mantell),*  a  lacertian  reptile  with 
batrachian  modifications.  Lign.  186  exhibits,  in  outline, 
the  probably  newt-like  shape  of  this  interesting  palaeozoic 
reptile,  at  half  the  natural  size. 

10.  The  SiLTJEiAif  and  Cambeian  Eocks. — By  reference 
to  the  synoptical  arrangement  of  the  formations  (p.  205), 
it  will  be  seen,  that  the  great  interval  between  the  hypogene 
rocks  (gneiss  and  mica-schist),  and  the  Devonian  series,  as 
above  described,  is  occupied  by  an  immense  thickness  of 

♦  Quart.  Journ.  Geol.  Sec.  vol.  viii.  p.  100;  and  "  Medals  of  Creation," 
vol.  ii.  p.  720.  This  specimen  was  described,  under  the  name  of  lAfio- 
pleuron  lacertinum^  by  Prof.  Owen,  in  the  "  Literary  Gazette,"  Contempo- 
raneously with  Dr.  ManteU's  communication  on  the  subject  to  the  Geo- 
logical Society. 


THE  SILtmiAK  AND  CAICBEIAN  ROCKS, 

>lra,  limeatones,  aandatones,  and  argillsceoua  strata, 
ftposita  were  formerly  grouped  ivitli  aome  of  the  De- 
rocks  J  imder  the  name  of  TronMtwn'TOcks ;  a  desig- 
ipplied  by  the  celebrated  Werner  upon  the  suppoBi- 
t  tbej  were  formed  when  the  world  was  in  a  itate  of 
m  from  a  chaotic  to  a  habitable  condition ;  they 
BO  termed  Grauwacke*  from  the  hardened  gritty 
ir  of  many  of  the  strata,  hut  the  whole  series  is  now 
into  two  natural  groups.  The  uppemioat  has  been 
;ed  the  Upper  8ixuRiAi?,t  ^J  Sir  R.  I.  Murchison, 
ndefati gable  reaearcheg  have  determined  the  true 
j  relation,  and  character  of  these  deposits  ;  the  lower 
mmg  hia  Lotoib  Siluhiatt  aud  Bottom  Eocks  : 
hj  the  Rev.  Professor  Sedgwick,  whose  successful 
In  this  difficult  field  of  geological  inTeHtigation  have 
I  clear  and  intelligible  many  phenomena  which  were 
dy  inYoiyed  in  doubt  and  obscurity,  the  upper  group 
id  SiiTJEiAJN",  and  the  lower  one  CAMSEiAJf  4 

fe  liGre  the  inconvcnicnDe  of  a  doub1<^  set  of  terms,  which  Ije- 
chcd  to  these  important  groups  of  lower  palaeozoic  rocka  in  this 
ten  Sir  R*  MuFGhisou  waa  reducing  to  order  and  classify iug  hia 
i"  rocks  5  of  Shropshire,  which  were  found  to  repose  on  the 

1  the  German  grau,  grey,  and  wacks,  a  name  employed  by  the 
piners  to  denote  some  hardened  grita  and  basaltic  rocks, 
ian  —  Q  term  deriTed  from  SUures,  the  ancient  Britons  \Yho  in* 
ime  parts  cf  our  Island  where  these  strata  ore  most  distiniHly 


Mm^fiom  the  old  name  of  Wales,  In  the  Map,  p,  474,  the 
pd  C&mhrian  rocki  are  denoted  by  the  iame  number  (@)  and 

he  classic  work,  *'  The  Silurian  System,  foijnded  on  GeQlo|B;ical 
m  in  the  Counties  of  Salopi  Hereford^  Radnor,,  Mont^mery, 
len,  Brecon,  PembrDke,  Monmouth,  Gloucester,  Worcester, and 
with  Descriptions  of  the  Coal-fields  and  overlying  Formations  ['* 
ck  Impey  Murchison^  F.  R.  S.,  ifrc,  4to,  with  a  Map  and  nu- 
lustrations.  London,  1839.  The  publication  of  this  splendid 
jed  an  era  in  British  ^ology  j  it  ia  a  tioUe  moimmevix  o^  ^- 
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nnfoflsUiferous  grey  wacke  of  the  Longmynd,  Prof.  Sedgwick  wu  eluci- 
dating the  contorted,  dislocated,  and  slaty  rock-masses  of  North  Wilo,* 
which  he  termed  "  Cambrian,"  and  which  were  then  beiieTed  to  be  older 
than  any  of  the  "  SOurian  "  strata.  The  North  Welsh  fossils,  howerer, 
were  not  described ;  nor  were  the  exact  relations  of  the  strata  of  the  two 
districts  made  out  Subsequently,  on  the  one  hand,  it  was  determined, 
chiefly  by  the  labours  of  the  Greologrical  Surrey,  that  the  fossiliferousBtrttt 
of  Cambria,  or  North  and  South  Wales,  are  replications,  expansions,  tod 
cunratures  of  the  Shropshire  or  Silurian  strata  (the  Cambrian  eqnin- 
lents  being,  howerer^  for  the  most  part,  in  a  much  more  crystalline  cos* 
dition,  and  much  more  intersected  and  intercalated  with  igneous  rocks] ; 
the  fossiliferous  schists  both  of  Cambria  and  Siluria  equally  reposing  on 
unfossiliferous  greywacke — that  of  the  Longmynd  on  the  east,  and  thil 
of  Anglesea,  Harlech,  and  St.  David's,  on  the  west.  To  these  latter  or 
"  Bottom  Rocks  "  the  Geological  Sunreyors  thought  fit  to  limit  the  tenn 
"  Cambrian ;  "  applying  the  names  "  Lower  and  Upper  Silurian"  to  tB0 
great  overlying  fossiliferous  groups.  This  nomenclature  became  genenllf 
adopted  in  Europe  and  America,  as  the  equivalent  formations  were  de- 
tected and  classified.  At  a  later  period  Prof.  Sedgwick  and  Prot 
M*Coy,  having  diligently  worked  out  the  fossils  of  North  Wales,  and 
reexamined  much  of  the  ground,  endeavoured  to  define  the  exact  limit 
of  the  lower  and  upper  portions  of  the  series,  retaining  for  the  former 
Prof.  Sedgwick's  early  term  '*  Cambrian,"  and  applying  that  of  "Silu- 
rian "  to  the  upper  group  only.  The  Geological  Surveyors  also,  about  the 
same  time,  carefully  directed  their  attention  to  the  same  points  of  researd 
corroborating  and  extending  the  known  facts,  but  without  essentially  il*. 
tering  the  received  nomenclature. 

In  1854,  Sir  R.  Murchison  published  a  comprehensive  and  popultf 
review  of  the  Paleeozoic  Rocks  and  Fossils,  in  his  valuable  and  widely 

ticnt,  laborious,  and  successful  scientific  research,  pursued  through  a  loo^ 
series  of  years,  regardless  of  toil,  time,  or  expense.  The  results  of  the 
labours  of  its  highly  gifted  author  were  alike  novel  and  important :  rochSi 
which,  under  the  names  of  transition  and  greywacke,  were  previously 
considered  without  the  pale  of  scientific  arrangement,  were  for  the  ^ 
time  reduced  to  a  regular  system,  and  their  zoological  characters  as  ve'l 
d(}fined  as  those  which  mark  the  newer  secondary  formations.  This  «* 
truly  a  national  work :  the  description  of  the  British  coal-fields  is  asim* 
portant  in  an  economical  as  in  a  scientific  point  of  view. 

•  See  the  several  valuable  Memoirs  by  Prof.  Sedgwick,  in  the  public* 
ationsof  the  Geological  Society,  on  the  Palaeozoic  Rocks  of  Wales  tfii 
the  Sorth  of  England. 
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iieaktfid  "  Siluria/'  adopting  tKe  reqiiiri^d  TRodificationa  and  corrections 
iikt  recount  of  fosaila  and  rocks  (with  careful  revi&ion  of  the  map), 
id  itAtitig  at  larg^  his  views  of  the  cksiiification  imd  nomenclature  uf 
IB  SOuriiiTi  and  Cambrian  strata. 

Liatiy,  Prof.  Sedgwick,  in  1855,  explained,  in  the  magnificent  work  by 
owelf  and  Profl  M*Coy,  entitled  *'  A  Synopais  of  the  Classification  fjf 
A  Britiflh  Paleozoic  Rocks;  witK  a  Systematic  Description  of  the 
zHidh  Paltcofoic  Fosaila  in  the  GeologicaJ  Miifl^um  of  the  University  of 
iiiibridf«  "  (4tOi  Cambridge^  with  numerona  plat^a)^  Ih©  grounds  on 
hich  he  applied  the  turm  "  Cambrian  "  to  the  lower  and  larger  portion 
r  the  series  in  qucsiion,  and  his  reasons  for  regarding  this  group  (the 
joirer  Silurian  and  Bottom  Hocka,  of  Mnrchiaon)  as  being  distinctly 
iiereiit  in  physical  and  zoological  characLers  from  the  tiverlying  group 
M  UpfMsr  Silurian,  of  Murchison)* 

Guided  by  tlie  light  thus  tlurowiif  during  several  yeant,  on  these  Lower 
^ftiaeoioic  rocks  and  foaails  by  Sedgwick,  Murcbison,  De  la  BechS}  Phil- 
,ps,  Sharpe,  M*Coy,  Salter,  Forbes,  Ramsay,  Jukes,  Aveline,  Selwyn* 
dd  many  other  good  observers ^  geologisia  have,  with  but  few  ejEceptiona, 
dopied  Mtirchitton's  general  classification  of  the  Lower  Palaeozoic 
ttati  of  Great  Britain.*  (See  Table,  p,  80i,  802,  in  which  the  grcoter 
mi  lesser  poups  of  strata  are  carefully  indicated^  and  the  chief  of  thelr 
^facteristic  fossils  enumerated*) 

!□  this  elementary  work,  avoiding  alL  technical  argumentation,  the 
itest  elaMificaiion  of  the^f^  ancient  and  most  interesting  rocks  is  placed 
sefore  the  reader  in  the  accompanying  Table,  which  shows  both  plans  of 
l^nnenclature  before  alluded  to. 

The  Editor  gratefully  acknowledges  Six  Roderick  Mnrchison's  kin 
oen,  in  aJlowing  him  free  access  to  the  proof>sheets  of  the  2nd  edition 
{rf  •*Siluria,"  now  in  the  press,  and  thereby  enabling  him  to  make  the 
cliniEeation  more  complete  than  it  could  otherwise  have  possibly  been, 
QTta  with  the  aid  of  the  papers  and  memoirs  published  since  the  1st 
tditton  of  **  Siliiria."  The  especial  points  of  novelty  are — the  better  un- 
dentanding  of  the  Uppermost  Ludlow  Rocks  (Tilestones)  and  their 
Wls,^— the  clearer  determination  of  the  Middle  Silurian  Strata, — the 
i4fi£itihcation  of  the  Bala  and  the  Caradoe  Rucks, — the  improved  lists  of 

*  The  reader  \a  referred  to  the  highly  important  works  above  men- 
tipaed,  and  to  numerous  memoirs  and  papers  In  the  Proceedings  and 
Joqinal  of  the  Geological  Society^  for  the  particulars  of  the  progress  of 
research  m  the  Silurian  and  Cambrian  rocks,  and  for  the  arguments  used 
»ith  respect  to  the  adoption  of  the  two  several  plans  of  nomenclature 
Ife  Alio  the  Philosophical  Mt^azin^  for  1854. 
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fossils, — and  particularly  the  recent  discovery  of  the  primary  age  of  the 
red  conglomerates  of  Sutherland  and  Ross. 

The  whole  of  these  strata  are  of  marine  origin ;  and  the 
limestones  and  shales  often  swarm  with  trilobites,  crinoids, 
corals,  brachiopods,  and  other  fossils,  with  which  our  late 
investigations  have  made  us  familiar.  Th^  subdivisions  in- 
troduced are  locally  important ;  but  a  general  analogy  pre- 
vails in  the  organic  remains  throughout  the  entire  sjs^m, 
and  there  does  not  appear  to  be  any  essential  variation  in 
the  forms  or  conditions  of  organic  life,  as  deducible  from  the 
fossils,  from  the  commencement  to  the  termination  of  the 
series ;  and,  though  each  principal  division  may  be  distin- 
guished by  its  peculiar  fossils,  yet  the  Upper  and  Lower  Si- 
lurian (or  Cambrian)  rocks  are  bound  together  by  many  species 
common  to  both,  and  form  but  one  great  natural  system. 

The  Upper  Silurian  is  estimated  to  have  a  thickness  of 
about  5000  feet ;  the  Middle,  2000  feet ;  the  Caradoc  jind 
Llandeilo  groups,  together,  attain  nearly  19,000  feet ;  and 
the  Longmynd  rocks,  upwards  of  25,000  feet.  This  is  in 
strong  contrast  to  the  slight  vertical  development  of  the  Si- 
lurian rocks  of  Norway,  where  the  whole  series,  complete  in 
all  its  members,  attains  no  more  than  2000  feet  thickness.* 

11.    SiLFBIAN    AND    CaMBRIAN   BOCKS   OF   THE   BbITISH 

Isles. — Both  the  lithological  and  the  zoological  characters 
of  this  great  series,  and  even  of  its  principal  subdivisions, 
are  found  to  prevail  not  only  in  England,  over  the  continent 
of  Europe,  and  beyond  the  Ural  to  the  Himalayas,  but  also 
in  North  America,  where  the  Silurian  and  Cambrian  rocks 
are  largely  developed,  forming  great  tracts  in  the  United 
States,  Canada,  and  the  Arctic  Eegions. 

In  Cornwall,  Lower  Silurian  or  Cambrian  rocks  appear  in 
two  of  the  southern  headlands,  emerging  from  beneath  the 
predominant  strata  of  the  district,  the  Devonian,  and  con- 
taining characteristic  fossils.f     But  the  chief  development 

♦  '*"— *  Joum.  Geol.  Soc.  vol.  xiv.  p.  43.  f  Ibid.  vol.  viii.  p.  2. 
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of  the  series  in  Britain  is  in  the  Border-counties  and 
Wales.* 

In  Cumberland  and  Westmoreland,  the  Lower  Palaeozoic 
rocks  are  also  extensively  exposed,  presfenting  an  enormous  ag- 
gregate thickness, — ^upwards  of  20,000  feet.  These  old  Cum- 
Irian  strata  have  been  specially  studied  by  Prof.  Sedgwick.t 

The  Lake-district,  so  well  known  to  the  tourist,  may  be 
described  as  a  circular  cluster  (or  massif)  of  mountains,  the 
central  portion  consisting  of  serrated  peaks  of  schistose  rocks, 
thrown  into  their  present  position  by  granite  and  other  ig- 
neous masses  which  constitute  the  true  geological  centres  of 
the  mountain-groups.  The  outskirts  of  this  region  are 
chiefly  formed  by  Carboniferous  deposits  ;  a  zone  of  Moun- 
tain-limestone appearing  on  the  east,  north,  and  south ;  and 
the  western  side  is  bounded  by  the  Irish  Sea. 

Within  the  calcareous  zone,  are  several  extensive  masses 
of  granite,  syenite,  and  porphyry,  but  the  greater  pai-t  of 
the  region  is  occupied  by  stratified  deposits  of  a  slaty  tex- 
ture, which,  according  to  Prof.  Sedgwick,  may  be  subdivided 
into  the  four  following  formations,  commencing  with  the 
uppermost : — 1.  Greywacke-slate,  often  more  or  less  calca- 

*  The  student  mast  necessarily  consult  the  maps  and  sections  pub- 
lished by  the  Geological  Survey ;  and  it  will  be  of  advantage  to  have  at 
hand  Knipe's  Geological  Map  of  the  British  Isles,  which  presents  a  coup 
tPceU  of  the  geographical  distribution  of  these  formations  over  the  British 
Islands.  Their  extension  over  Europe  into  Western  Asia  may  be  studied 
in  Murchison  and  Nicol's  Geological  Map  of  Europe  (K.  Johnston). 
Hall's  Geological  Map  of  the  United  States,  that  by  Prof.  H.  Rogers,  in 
K.  Johnston's  "  Physical  Atlas,**  and  Sir  W.  Logan's  Geological  M^ps 
of  Canada,  in  Quart.  Joum.  Geol.  Soc.  vol.  viii.  pi.  6,  and  in  his  "  Es- 
quisse  G^ologique  du  Canada,"  1855,  with  Isbister*s  Geological  Sketch- 
Map  of  the  Arctic  Regions,  Geol.  Soc.  Joum.  vol.  xi.  pi.  14,  and  that 
constructed  by  Haughton  and  Macclintock,  Joum.  Roy.  Dublui  Soc. 
February,  1857,  illustrate  the  Palaeozoic  deposits  of  North  America. 

t  His  Memoir,  in  the  Geol.  Soc.  Joum.  vol.  viii.  p.  35,  contains  some 
of  his  latest  researches  in  these  rocks,  with  illustrative  sections  and 
foil  references  to  former  Memoirs.  See  also  Und,  pp.  136—142  ;  and 
Geol.  Trans.  2nd  ser.  yo>.  iv.  p.  45,  &c. 
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reous,  and  having  subordinate  beds  passing  into  impure  lime- 
stone, full  of  organic  remains.  2.  Qreen  quartzoee  roofing- 
slate,  associated,  in  every  variety  of  complication,  with  fel- 
spathic  rocks  of  porphyritic  structure.  3.  Black  glossy  day- 
slate,  sometimes  passing  into  greywacke.  4.  Various  crys— 
talline  slates,  resting  immediately  on  the  granite  of  Skiddaw 
Porest,  and  forming  the  base  of  the  whole  stratified  series. 

These  rocks  have  also  been  classified  by  the  ^me  eminent 
geologist  according  to  the  following  local  groups  :^1.  Flags 
and  grits  of  Kirkby  Moor ;  2.  Slate  and  grit-stone ;  3.  Ire- 
leth  slates;  4.  Coniston  grit,  flagstone,  and  limestone; 
5.  Slates  and  porphyry ;  6.  Skiddaw  slates.  Nos.  1, 2,  and  3 
are  the  equivalents  of  the  Ludlow  and  Wenlock  groupR ; 
the  others  represent  the  great  lower  groups  of  Caradoc, 
Llandeilo,  &c. 

In  South  Scotland  the  Silurian  rocks  and  fossils*  have  been 
worked  out  by  Sedgwick,  Murchison,  J.  Nicol,  J.  C.  Moore, 
Ilarkness,  M'Coy,  Salter,  and  others ;  especially  in  Ayrshire, 
Wigtonshire,  Dumfiries,  and  other  neighbouring  districts. 

In  the  North-west  of  Scotland  the  late  researches  of  Mr. 
Peach  and  others  have  enabled  Sir  Roderick  Murchison  to 
coordinate  the  old  quartzites,  schists,  silicious  limestones 
and  sandstones  of  Durness  and  Loch  Eribol  with  the  Lower 
Silurian  rocks  of  Wales ;  and  to  refer  the  great  conglom- 
erates of  Western  Sutherlandshire  and  Ross  to  the  Long- 
mynd  or  Bottom  Rocks  ;  correcting  the  long-held  notion  of 
their  being  of  the  same  series  as  the  Old  Red  conglomerates 
of  Caithness  and  the  Eastern  coast.  These  primaeval  depo- 
sits rise  on  the  northern  shores  of  Lochness  in  an  immense 
mass  of  conglomerate,  based  on  a  smaU-grained  red  granite, 
to  a  height  of  three  thousand  feet  above  the  sea-level; 
and  on  the  north-western  coast  of  Ross-shire,  form  three 
immense  insulated  hills   (SuiUveinny  Coul-heg,   and   CouU 

*  See  Proceed.  Geo!.  Soc.  'voV.  m.  y^.  Yll  «sA^^^\  Quart.  Geol. 
lor  '.^    p,  195 .  ^o\.  Vv.  ^^.  t>^  «xi^  "^^^N  ^^^«  ^'^'  \^«  NSi  vcbSs. 

15  and  2i3S',  a\ao  "  ^Vi>ax\a.r  ^.^^^%  ^^« 
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tnore  *),  of  as  great  an  altitude,  that  rest  imconformablj  on  a 
lase  of  gneiss.j     (See  "  Siluria,"  2nd  edit.  p.  195,  <fcc.) 

Silurian  rocks  occupy  large  areas  in  Ireland,^  and  have 
l>een  described  by  Weaver,  Griffith,  Portlock,  and  others. 
The  complete  view,  however,  given  of  these  strata  in  Mur- 
chison's  "Siluria"  must  be  referred  to  by  the  student.  The 
coast  of  Ireland  opposite  to  that  of  Wales  and  Cumberland 
is  formed  of  Silurian  and  Cambrian  strata,  which  spread 
abo  over  Wexford  and  part  of  Waterford  and  Wicklow ;  an 
enormous  intrusion  of  igneous  rocks  rising  up  in  Carlo w, 
and  reaching  to  the  shore  of  Dublin  Bay,  at  Kingstown. 
From  Drogheda  Bay  to  Belfast  Lough  similar  deposits  ap- 
pear, covering  a  great  portion  of  Armagh,  Monaghan,  and 
Louth ;  the  whole  sinking  westward  beneath  the  vast  region 
of  Carboniferous  deposits  which  occupy  more  than  one-half 
the  entire  area  of  Ireland. 

12.  The  Lonomtnd  oe  Bottom  bocks. — In  Shropshire 
there  is  a  group  of  old  stratified  rocks,  unconformable  to  the 
overlying  strata  of  the  Llandeilo  group,  having  evidently 
been  thrown  into  highly  inclined  positions  before  the  de- 
position of  the  latter.  These  rocks  form  the  Longmynd  and 
contiguous  ranges  of  hills,  comprising  Eatlinghope,  Linley, 
Pontesford,  &c.,  and  vary  in  height  from  1000  to  1600  feet. 
The  strata  consist  of  hard  sandstone,  grit,  and  schist,  raised 
up  in  mural  masses,  the  beds  being  either  vertical,  or  in  very 
highly  inclined  positions.§ 

On  the  western  flank  of  the  Longmynd  the  schists  dip 
conformably  under  the  Lowest  Silurian  of  the  Stiper  Stones, 

*  See  a  beautiful  sketch  of  these  Mountains,  in  **  Siluria."  These  in- 
snlar  rocky  mountains  are  cited  by  Macculloch  ("Western  Isles,"  vol.  ii. 
p.  90)  and  by  Lyell  ("  Manual  of  Geology,"  p.  67)  as  instructive  ex- 
amples of  the  vast  amount  of  denudation  which  has  taken  place  in  many 
oonntries. 
t  Hugh  Miller's  *<  Old  Red  Sandstone."  1841,  p.  23. 
X  See  Griffith's  Geological  Map  of  Ireland 

/  "SUaritLD  System,"  cliap.  xxi.  "  Silurva;**  Mi^  ^\ttxN..^«WB*^^^ 
Soc  rol.  xiiL  p.  200. 
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as  represented  by  Sir  E.  Murchison  ("  Sil.  Syst."  pi.  32) ; 
but  on  the  south  and  east  they  are  unconformably  overlaid 
by  the  Upper  Llandovery  beds  and  the  Wenlock  shale. 

According  to  the  observations  of  the  Government  Geologi- 
cal Surveyors,  the  grejrwacke  of  the  Longmynd  is  from 
80,000  to  40,000  feet  thick ;  and,  though  composed  of 
nearly  unaltered  *  beds  of  sediment,  it  has  yielded  but  very 
few  traces  of  organic  remains.  These  few  valuable  relics 
have  been  discovered  in  the  upper  portion  of  the  Longmynd 
rocks  by  the  acuteness  and  persevering  energy  of  Mr.  J. 
W.  Salter,t  F.  G.  S.,  Palaeontologist  of  the  Geological  Survey ; 
and  consist  of  two  portions  of  a  Trilobite,  numerous  Anne- 
lide-burrows  and  Worm-tracks,  Wave-marks,  the  casts  of 
Sun-cracks,  and  even  of  Eain-prints ;  distinctly  recording 
the  daily  working  of  wave,  wind,  and  cloud,  and  the  existence 
of  some,  at  least,  of  the  inhabitants  of  a  shore-margined  sea 
in  incalculably  ancient  periods,  long  anterior  to  the  immear 
surable  ages  the  history  of  which  we  have  but  faintly  sketch- 
ed in  the  foregoing  chapters  of  this  book. 

Ancient  deposits  equivalent  to  the  Longmynd,  Lowest 
Cambrian,  or  Bottom  Rocks,  have  been  recognised  at  St. 
David's  in  South  Wales,  between  Barmouth  and  Harlech, 
and  around  Llanberris  and  Bangor  in  North  Wales;  but 
annelide-marks,J  discovered  in  the  Bangor  schists  by  Mr. 
Salter,  are  the  only  evidences  of  organic  life  as  yet  noticed. 

♦  The  slaty  rocks  of  Wales,  in  which  fossils  often  abound,  are  far  more 
altered  than  these  strata  of  the  Longmynd,  which  are  only  in  part  highly 
mineralized,  and  chiefly  where  they  have  been  intruded  upon  by  trap, 
rocks,  and  impregnated  with  copper-veins,  bitumen,  and  other  mineral:). 
— SiV.  Syat  p.  261. 

t  See  Mr.  Salter's  descriptions  and  figures  of  these  primaBval  vestigeSf 
in  the  Journ.  Geol.  Soc.  vol.  xii.  p.  246 ;  and  ibid.  vol.  xiii.  p.  199. 

X  These  consist  of  worm-tubes  crossing  each  other,  and  so  giving 
rise  to  a  fucoidal  marking,  which  was  described  by  Mr.  Salter  (Geol* 
Soc.  Journ.  vol.  xii.  p.  246)  as  being  probably  a  Chondrites^  but  has  sine* 
been  proved  by  this  accomplished  geologist  to  be  formed  of  worm-tracltf. 
as  indeed  (Mr.  Salter  links')  aVV,  ot  ive^tV^  «^U^  tbe  so-called  fucoids  of 
iLv  paleeozoic  rocks  may  lurii  ouV  \.o  Vie. 
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In  Ireland,  the  grauwacke  of  Bray  Head  is  of  the  same 
age,  and  yields  annelide-burrows  and  the  enigmatical  fossU 
known  as  Oldhamia/^  of  which  two  species  have  been 
found. 

The  discovery  that  the  great  conglomerates  resting  on 
the  gneiss  of  the  North-west  Highlands  belong  to  the  Long- 
mynd  age,  already  alluded  to  (p.  806),  enlarges  our  know- 
ledge of  the  complete  succession  of  the  Lowest  Palaeozoic 
rocks,  and  brings  the  British  series  into  close  accordance 
with  that  of  Scandinavia  on  the  one  hand,  and  that  of  Canada 
on  the  other. 

The  discovery,  however,  of  organic  fossils  in  some  of  these 
Bottom-rocks  destroys  the  propriety  of  the  term  "Azoic"  t 
tiiat  has  been  so  long  applied  to  them ;  and  (like  the  unex- 
pected appearance  of  mammalian  teeth  in  the  Triassic  bone- 
bed  of  Stuttgart,  of  Dromatherium  in  the  Chatham  strata  of 
the  United  States,  of  Dendrerpeton  and  Pupa  in  the  coal  of 
Nova  Scotia,  and  of  Telerpeton  in  the  Old  Eed  Sandstone) 
warns  us  to  be  cautious  in  accepting  negative  evidence  in 
support  of  geological  hypotheses.  J 

13.  Silurian  strata  of  Staffordshire. — Among 
the  British  Silurian  districts,  the  country  around  Dudley, 
Walsall,  and  other  parts  of  Staffordshire  demands  especial 
notice  from  the  interesting  circumstances  under  which  these 
palffiozoic  rocks  occur ;  being  isolated,  as  it  were,  from  the 
great  regions  of  the  formation,  and  thrown  up  amidst  the 
newer  deposits,  like  islands  in  the  Triassic  and  Carbonifer- 
ous areas :  and  the  facility  of  access  to  these  localities,  by 
tlie  railroads  from  the  metropolis,  renders  them  peculiarly 
valuable  to  the  geological  student. 

<  Forbes,  Journ.  Geol.  Soc.  Dublin,  vol.  iv.  p.  20.  Whether  thig 
fiMril  represents  a  Bryozoan,  a  Zoophyte,  or  a  sea-weed,  is  as  yet  undetor- 
mined. 

t  «  Without  life." 

}  See  LyeU'a  "MoDual  o(  Geology,"  5tli  edil.  "5.  ^'L 
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At  the  distance  of  about  120  miles  trom  London,  an  insulated  idass  of 
Silurian  rocks  is  protruded  through  the  once-overlying  Carboniferous  and 
Triassic  strata  at  Walsall,  and  forms  a  ridge  of  hills  on  the  eastern  bor- 
ders of  the  great  Stafifordshire  coal-field ;  whUe  near  Dudley,  a  few  miles 
to  the  south-west,  another  range  of  Silurian  hills,  produced  by  a  siinUar 
upheaval,  appears  in  the  midst  of  the  same  Carboniferous  basin;  and 
near  these  hills  is  a  mass  of  volcanic  rocks,  called  Rowley  Hill.* 

The  town  of  Dudley  is  situated  partly  on  the  coal-field,  and  partly  on 
the  ^oup  of  Silurian  rocks  which  constitutes  a  prominent  feature  in  the 
physical  characters  of  the  landscape.  These  Silurian  deposits  rise  into  an 
elevated  chain  of  hills,  which  extends  four  or  five  miles  diagonally  across 
the  coal-basin,  in  a  line  from  Dudley  to  Wolverhampton ;  the  latter 
town  standing  on  Triassic  strata  near  the  western  margin  of  the  coal- 
field.t  The  aspect  of  the  surface  of  the  country  denotes  the  nature  of 
the  sub-soil,  for  the  Triassic  districts  are  generally  covered  with  verdure; 
while  those  of  the  coal,  from  the  extensive  mining  operations  every- 
where in  progress,  present  for  the  most  part  a  character  of  sterility  aod 
desolation. 

In  the  Dudley  Silurian  range,  three  hills  are  strikingly  conspicuous, 
namely  Sedgley,  which  is  composed  of  the  Upper  Ludlow  rock  and 
Aymestry  limestone, — and  the  Wren's  Nest  and  the  Castle  Hill,  consist- 
ing of  Wenlock  shale  and  limestone  ;  these  hills,  with  their  connecting 
valleys,  form  a  verdant  tract  in  the  midst  of  the  surrounding  coal-measures. 

The  most  remarkable  eminence  of  this  group  is  that  called  the  Wren't 
Nesty  which  is  a  steep  headland,  covered  on  the  top  with  stunted  wood, 
and  presenting  the  appearance  of  a  truncated  dome ;  its  summit  is  deeply 
excavated,  whence  the  common  ironical  name.  This  hill,  as  shown  in 
Lign.  187,  consists  of  arched  strata  of  Wenlock  shale  and  limestone. 
The  limestone  teems  with  the  characteristic  fossils  of  this  division  of  the 
Silurian  series  (see  Table,  p.  801).  Castle  Hill  and  Hurst  Hill  are  similar 
and  parallel  upheaved  masses. 

The  truncated  appearance  of  the  summit  of  Wren's  Nest  has  evidently 
originated  from  the  denudation  of  the  upper  part  of  the  dome  of  which 
it  once  consisted ;  the  strata  having  been  originally  protruded  in  an 
arched  position,  as  in  Kettle  Hill  (see  the  section,  Lign.  187) ;  and  ^^ 
have  in  these  Silurian  limestones  and   shales  a  corresponding  struc* 


♦  See   the  Map  accompanying  the  "Silurian   System,*'  or  that  in 
*♦  Siluria." 
t  See  p.  688,  for  an  account  of  a  fossil  forest  in  a  colliery  near  Wolver- 
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ura  witE  that  qbscnrable  in  the  mounUim-liaiestoiie  of  Crich   HiL  in 
Jflfbysbiro,  of  wkbh  we  have  already  spoken  (p*  699) . 

14.  Thu  Cleft  Hilib. — In  the  above-de- 
scribed section,  the  uplieared  aud  contorted 
sedimentary  deposits  are  alone  displayed  j 
the  deep -seated  volcanic  mass,  by  which  they 
were  elevated  and  thrown  into  their  present 
position,  being  concealed  from  view.  But 
in  several  places  in  the  surrounding  district, 
the  intrusive  igneous  roeks  appear  above  the 
surface,  in  sharply- defined  ridges  ;  as  in  the 
E^owley  Hill,  near  Dudley,  and  those  of  the 
Clent,  Eomsley,  and  Lickey ;  and  the  more 
distant  raoges  of  Abberley  and  the  Malvern  s 
in  Worcestershire- 

Abont  two  miles  to  the  south  of  the  Dud- 
ley coal-basie,  and  stretching  in  a  parallel 
^  direction  with  the  Silurian  range  previonsly 
^  described,  is  another  chain  of  hills,  about  six 
fc  mOes  in  length,  and  varying  in  height  from 
I  800  to  1000  feet,  called  the  Clent  Hills  * 
I  Tliis  elevated  district  is  formed  by  a  protru- 
I  j.   si  on  of  fclspathie  trap -rocks  through  Per- 
!  "  mi  an  strata,  consisting  of  conglomerate  and 
;  I  Baudstone,  vidth  corn  stone  and  traces  of  coal, 
'      as  shown  in  Li^n.  188 .f    This  basaltic  erup- 
tion must  have  taken  place  after  the  Car- 
boniferous  strata  were  deposited,  and  long 


^-;  ^ 


*  Within  the  precmct«  of  the  Clent  Hills  are  Hagly,  the  seat  of  Lord 
ijltteton,  which  the  rouae  of  Thorn aon  h^  rendered  classic  ground,  and 
to  eqtialty  celebrated  Lcfliaowe*  of  Shenatone. 

t  The  trap  or  volcanic  rock  of  the  CJent,  Lickey ;,  and  Ahberiey  Hilli 

chiefly  composed  of  htowtikh-red  compact  febpar,  occasionally  por- 
3?TittC(  and  sometimes  passing  into  a  fine  concretioiiajy  rock, — Sii,  St^Mt 

496 ;  and  Mecordi  GeoL  Surv^^  TaL  I  pan  'i,  ^.  'iA^. 
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antecedent  to  the  Triassic  period,  the  strata  of  which  age 
have  been  quietly  deposited  on  the  southern  flank  of  the 
Clent  Hills,  as  seen  in  Lign,  188. 

8.  (WralHttt.  WaUvmSm,  ».  Kntdwu,  K 


TUaatie  Trap-rocka.  Permian. 

LlGN.  188 — SECTION  OF  THE  CUBMT  HUiLS. 

(aa.  av9t.  pi,  29,  part  o/jig.  10.; 

The  following  description  by  Mr.  Hugh  Miller  is  too 
characteristic  to  be  omitted  : — 

**  The  New  Red  Sandstone,  out  of  which  the  Clent  Hills  rise,  foras  a 
rich,  slightly  undulating  country,  reticulated  by  many  a  green  lane  and 
luxuriant  hedge-row ;  the  hills  themselves  are  deeply  scooped  by  hollow 
dells,  furrowed  by  shaggy  ravines,  and  roughened  by  confluent  emi- 
nences ;  and  on  the  south-western  slopes  of  one  of  the  finest  and  most 
variegated  of  the  range,  half  on  the  comparatively  level  red  sandstone, 
half  on  the  steep-sided  billowy  trap,  lie  the  grounds  of  Hagly.  Let  the 
Edinburgh  reader  imagine  such  a  trap-hill  as  that  which  rises  on  the 
north-east  between  Arthur's  Seat  and  the  sea  tripled  or  quadrupled  in  its 
extent  of  base,  hollowed  by  dells  and  ravines  of  considerable  depth,  cover- 
ed by  a  soil  capable  of  sustaining  the  noblest  trees,  mottled  over  with 
votive  unis,  temples,  and  obelisks,  and  traversed  by  many  a  winding 
walk,  skilfully  designed  to  lay  open  every  beauty  of  the  place,  and  be 
will  have  no  very  inadequate  idea  of  the  British  Tempe  sung  by  Thomson. 
We  find  its  loveliness  compounded  of  two  simple  geological  elements,— 
that  abrupt  and  variegated  picturesqueness  for  which  the  trap-rocks  are 
so  famous,  and  which  may  be  seen  so  strikingly  illustrated  in  the  neigh- 
bourhood of  Edinburgh,  and  that  soft-lined  and  level  beauty— an  ex- 
quisite component  in  landscape  when  it  does  not  stand  too  much  alone- 
so  characteristic,  in  many  localities,  of  the  Lower  New  Red  Sandstone 

formation From  the  hill-top,  ♦  the  far  Welsh  mountains,  though 

lessened  in  the  distance  to  a  mere  azure  ripple,  that  but  barely  roughened 

♦  The  eminence  so  glowingly  described  by  Thomson  : — 
•'  Meanwhile  you  gain  the  top  from  whose  fair  brow 
The  bursting  prospect  spreads  immense  around,*'  &c. 
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the  line  of  the  horizon,  were  as  distinctly  defined  in  the  clear  atmosphere 
as  the  green  luxuriant  leafage  in  the  foreground,  which  harmonized  so 
exquisitely  with  their  blue.  The  line  extended  from  far  beyond  the 
Shropshire  Wrekin,  on  the  right,  to  far  beyond  the  Worcestershire  Mal- 

▼ems,  on  the  left In  the  foreground  we  have  the  undulating 

trap Next  succeeds  an  extended  plain  of  the  richly-cultivated 

New  -Red  Sandstone,  which,  occupying  fully  two-thirds  of  the  entire 
landscape,  forms  the  whole  of  what  a  painter  would  term  its  mididle 
ground,  and  a  little  more.  There  rises  over  this  plain,  in  the  distance,  a 
ridgy  acclivity,  much  fretted  by  inequalities,  composed  of  an  Old  Red 
Sandstone  formation  coherent  enough  to  have  resisted  those  denuding 
agencies  by  which  the  softer  deposits  have  been  worn  down  ;  while  the 
distant  sea  of  blue  hills,  that  seenf  as  if  toppling  over  it,  has  been  scooped 
out  of  the  Silurian  formations,  Upper  and  Lower,  and  demonstrates  in  its 
commanding  altitude  and  bold  wavy  outline  the  still  greater  solidity  of 
the  materials  which  compose  it."  * 

15.  The  Wbektn.— The  Dudley  coal-field  is  remarkable 
for  the  beds  of  volcanic  grit  intercalated  between  the  upper 
strata  of  the  Coal-measures  and  the  Permian  deposits ;  and 
which  Sir  E.  Murchison  is  of  opinion  were  formed  from 
the  detritus  of  submarine  volcanos,  which  were  in  activity 
towards  the  close  of  the  Carboniferous  epoch.f  The  solid 
intrusive  trap-rocks  are  of  a  later  date,  and  appear  in  various 
detached  points  near  Dudley.  The  largest  mass  constitutes 
Bowley  Hill,  a  ridge  two  miles  and  a  half  long,  and  one 
mile  wide,  extending  from  Eowley  Eegis  to  the  southern 
suburbs  of  Dudley.  This  trap-rock,  known  locally  as  the 
Eawley-rag^  is  a  hard,  fine-grained,  crystalline  green-stone, 
or  baBalt,:^  being  an  admixture  of  grains  of  hornblende  with 
small  crystals  of  felspar  and  quartz.  This  mineral  appears 
in  a  slender  columnar  form  in  Pearl  Quarry,  near  Timmin's 
Hill,  at  Bowley. 

*  "  First  Impressions  of  England  and  its  People,"  by  Hugh  Miller ; 
London,  1847,  p.  HI,  &c.  f  "  Silurian  System,"  p.  468. 

X  This  trap-rock  supplied  the  materials  for  the  important  experiments, 
by  Gregory  Watt  and  Sir  James  Hall,  on  the  fusion  and  cooling  of  rocks  ; 
and  has  of  late  been  employed  by  Messra.  CViaxvce,  ^V.  OVi^Q^ir)^^^^^ 
BirmiDgbam,  in  the  manufacture  of  molten  \nde«\XMC\;^\«  «x«:JmX&c\.n«^ 
Bjaterials, 
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But  one  of  the  most  ] 
examples  of  erupted  tr 
part  of  England  is  that 
formed  the  hill  called  tl 
near  Wellington  in  Shr^ 
the  north-west  flank  of 
field  of  Coalbrook  Dale  ; 
must  have  taken  place 
accumulation  of  the  Silu: 
as  the  latter  were  eviden 
into  ioetlined  positions 
S  9  Carboniferous  were  depos 
I  I  g  I  a  subsequent  period,  and 
^  ^  g  gf  this  consolidation,  the  coa 
^  <?  I  ^  were  in  their  turn  pierce 
"  versed  by  other  intruded 
igneous  rock,  differing  : 
matter,  but  erupted  in  ( 
lines  of  fissure,  parallel 
theWrekin. 


if  I 


1^ 

V  CO 

a  "•    I.  The    Wrekin  is  an  elliptica 

^  S    2       a  mile  and  a  quarter  long,  its  . 

„-  •    g       mit  being  1320  feet  above  the 

^        "3       sea.      It    is   composed   of  igi 

having  on  its  flanks  various 

the  Silurian  and  Carboniferous 

shown  in  the  section,  Lign.  181 

^      rn"  mentary  deposits  within  the  inf 

'^  erupted  volcanic  rocks  have  un 

siderable  alteration ;  the  sandstone  being  changed  into  gran 

rock,  much  of  which  is  pure  white  quartz,  with  particles  of 

felspar,  and  sometimes  much  resembling  submarine  volcanic 

in  some  places  this  rock  becomes  a  brecciated  aggregate. 

The  igneous  rock-masses  are  various  modifications  of  pir 


t 


♦  The  erupted  trap  forming  Barrow  Hill  (see  p.  700)  \i 
atructive  example  of  this  pVienomeivou. 
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red  syenite,  consisting  of  compact  felspar  -with  -white  quartz,  and  disse- 
ininated  chlorite :  in  some  parts  the  mass  is  made  up  of  felspar  with 
P^u-earth  and  veins  of  carbonate  of  lime.  To  the  south-east  of  the 
^rekin,  bosses  of  a  basaltic  green-stone,  of  irregular  shape,  appear 
around  the  village  of  Little  Wenlock  {Lign.  189). 

The  invaluable  work  to  which  I  am  indebt- 
p^      ^  ed  for  most  of  the  interesting  facts  thus  briefly 

noticed  should  be  referred  to  for  full  details 
of  the  geological  structure  and  relations  of 
the  deposits  under  review.  The  eminent 
author  considers  that  this  district  of  Shrop- 
shire affords  unequivocal  evidence  of  the  al- 
ternate activity  and  repose  of  volcanic  action, 
i    J/iA       ^  I  during  very  long  periods  in  the  palaeozoic  ages ; 

I  3  ifjA  s  k  .i  and  that  the  following  sequence  of  geological 
events  is  clearly  established : — I.  that  volcanic 
grits  were  formed  during  the  deposition  of  the 
Lower  Silurian  strata ; — 2.  the  Upper  Silu- 
rian rocks  and  Devonian  sandstone  were  ac- 
cumulated tranquilly,  without  a  trace  of  con- 
temporaneous eruptions;  —  3.  after  their 
consolidation,  the  last-mentioned  deposits 
were  dismembered,  and  set  upon  their  edges 

I  .^  H  J  by  vast  outbursts  of  intrusive  trap  ; — 4.  the 
^  £;  o  g  Carboniferous  beds  were  deposited  after  the 
"  •  I  ^  older  strata  were  upheaved  ;  and  5.  that  sub- 
i  j  '^  sequent  dislocations,  including  some  of  the 
s  I  ^       most  violent  with  which  we  are  acquainted, 

0  i  s^  took  place  after  the  deposition  of  the  Coal- 
^  I  ^       measures  and  Permian  sandstone.  * 

.  S  •  16.  The  Malveen  Hills,  &c. — 
s  I  In  Worcestershire,  the  different  mem- 

I I  bers  of  the  Silurian  system  are  well 

1  •  developed,  and,  though  occupying  a 
s  narrower  zone  than  in  Shropshire, 
A  constitute  a  continuous  band  for  a 

distance  of  between  twenty  and  thirty 


3. 

H   «" 

It 


•  •'  Silurian  System,"  p. 
"SUuria," 


235.    This  aubiecl  \ft  ^\ao  Xx^^Nfc^  ^V  Na 
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miles :  viz.  from  tlie  northern  end  of  the  Abberley  HiDiyta 
the  southern  extremity  of  the  Malvems ;  ^  and,  thou^  ibe 
strata  are  dislocated,  and  even  through  a  course  d^foor 
miles  entirely  reversed^  jet  they  maintain  a  prevalent  indior 
ation  to  the  west,  and  dip  beneath  the  Old  Bed  Sandstone 
of  Herefordshire.  Emerging  through  the  Silurian  depotiti, 
and  forming  a  buttress  on  their  eastern  flank,  are  certtti 
igneous  rocks,  which,  in  the  Abberley  Hills,  protrude  oolj 
at  intervals  through  the  dislocated  stnCta,  but  in  the  Mal- 
vems constitute  a  narrow  ridge  of  syenite,  rising  to  boom 
height  above  the  Silurian  deposits;"*  as  represented  in 
Li^nt.  190,  191. 

The  Malvern  Hills  are  situated  in  the  south-western  pirt 
of  Worcestershire,  and  consist  of  an  uninterrupted  chaia 
about  nine  miles  long,  and  two  wide,  the  highest  summiti 
attaining  an  altitude  of  nearly  1500  feet.     This  outline, 


W    SytnU: 


<  4  S  2    1      Eruptlre  Rock.     TrIaMic  Maris. 

Lion.  191.— hrctiok  of  thk  MALvxRir  HiLLS.t 
(Sa.  Byat.  pi.  M,part  ttfjig.  S.J 

1.  Altered  Lower  BUnrlan  aandstonei  and  schlsu.  2.  Black  icblsta  with  Otemu  S.  JUf 
Hill  or  Upper  Llandorerj  sandttonea  and  conglomerates.  4.  Woolhope  limestone-  S-  W«* 
lock  shales  and  limostone* 

when  viewed  from  a  distance,  as,  for  example,  from  the 
heights  above  Cheltenham,  is  very  striking,  and  characteristic 
of  their  geological  structure.  The  three  highest  points  are 
the  Herefordshire  and  Worcestershire  beacons,  and  North 

•  "Silurian  System,"  p.  410;  "  Siluria,"  p.  92;  and  Phillips'  Me- 
moir on  the  Malvem  and  Abberly  Hills,  in  the  Mem.  Geol.  Survey,  rol. 
ii.  part  1 ;  also  his  "  Manual  of  Geology,"  p.  513;  and  Notices  Boy- 
Instit.  Great  Brit.  1857,  part  7,  p.  386. 

f  See  also  "  Siluria,"  p.  94  \  t6irf.,  2nd  edit.  p.  192,  &c. 
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^(Li^n.  190),  formed  by  the  protruded  ayeiiitic  rocks, 
whioh  form  the  nucleus  of  tlils  mountain -range.* 

In  paasing  from  Herefordshire  to  Worcest^rRhire^  in  a 
line  from  west  to  east  (see  Xiy«.  190)  ^  the  Devonian  or 
OldEed  strata  firit  appear,  and  are  succeeded  bj  the  Upper 
Silurian,  namely,  the  Ludlow  and  Wen  lock  deposits  ]  next 
'ollow  beds  of  May  Hill  sandstonej  and  we  then  arrive  at 
Jhe  protruded  peaks  of  igneous  roek,  and  descend  over  the 
Bermian  Conglomerate  and  Triassie  strata  to  the  plains  of 
S^orcestershire.  The  relative  position  of  the  strata  and  the 
UTipted  rocks  is  shown  in  the  aneied  diagrams  {LipM.  189, 
M  and  191),  The  entire  succession  of  the  Silurian  series, 
letweeu  the  Syenite  of  the  Malverns  and  the  Old  Eed  Sand- 
tone,  is  well  exposed  in  a  transverse  section  from  Mid- 
nmmer  Hill  to  Ledbury. 

Tbr^  fa  one  featnre  m  the  geology  of  the  MalTem  HiUa  that  demandft 
itrticular  nc^tice.  The  Silurian  strata  in  immediate  contact  with  the 
Jtaite  are  sometimes  paitly  bent  buck,  or  invertedi  as  shown  in  the 
eciion,  Li^n.  190,  in  which  the  Wenlock  limestone  (S.)  is  seen  &t  a.  diat- 
ttCe  from  the  syenite  and  unaffected,  whilst  the  May  Hill  sandslone  and 
tH  (4.)  are  oTertnmed  and  dip  in  an  opposite  direction. 

In  the  Abberley  Hills,  the  same  phenomenon  appears  in  a  more  atrik- 
If  |jalnt  of  view ;  and  through  a  range  of  four  or  five  miles,  the  Dc- 
ttnmii  Ltidlow,  and  Wentock  strata  are  completely  inTerted,  the  newer 
mnaiions  bein^  overlaid  by  the  older  j  "so  symmetrical,  indeed,  ia  th*j 
Bfersal  in  this  part  of  the  tanpc,  that  any  geologist  who  had  not  pre* 
kmsiy  made  himself  acquainted  T*ith  the  true  order  of  flupcrposition 
'oaEd  naturally  conceive  the  Wenlock  limestone  to  be  yonnger  than  the 
pUdlow  rock,  and  the  Ludlow  rock  than  l he  Old  Red  Sandstone."  f 

The  Lickey  Hills,  whirh  are  situated  abont  three  miles  from  tlie 
mUieni  ex:tremity  of  the  Dudley  coal-fieldj  consist  of  a  narrotv  ridpo  of 
uwti-Tocks,  about  three  mtlea  in  length  And  four  or  five  hundred  feet 
igKand  are  referred  by  Sir  R.  I»  Murchison  to  the  Upper  Llandovery 


•  Avery  interesting  Memoir  on  the  mineralogy  of  the  Malvern  Hilb» 
»7Mr,Leenard  Horner,  waa  published  in  the  Gee  1,  Trans.  1st  sor.  voL  i 

t  '*  saurian  System,"  p.  421. 
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sandstone ;  the  quartz-rock  of  the  Lickey  gradually  passing  into  a  foflsili- 
ferous  sandstone  containing  the  characteristic  organic  remains  of  the 
Pentamerus-zone.*  A  mass  of  trap,  being  the  prolongation  of  that  of  the 
Clent  and  Abberley  Hills,  forms  the  nucleus  of  the  ridge,  and  appears  in 
the  point  called  Lickey  Beacon,  on  the  northern  end  of  the  Bromsgrore 
Lickey  Hills,  which  consist,  in  great  part,  of  Permian  aad  Triaoic 
strata.t 

The  Valley  of  Woolhope,  which  lies  to  the  west  of  the  southern  extre- 
mity of  the  Malvems,  about  three  or  four  miles  from  Hereford,  is  a  re- 
markable instance  of  what  geologists  term  a  "  valley  of  elevation ; "  being 
a  dome-shaped  protrusion  of  Silurian  rocks  through  the  Devonian  depo- 
sits, of  which  the  surrounding  region  consists.  This  elevated  hmm 
of  strata  is  of  an  oval  form,  being  six  miles  long,  and  four  wide.  WitbiB 
this  area,  the  Upper  Silurian  strata  are  thrown  up  into  concentric  aid 
conformable  masses,  each  dipping  outwards  from  a  common  centre,  and 
the  whole  passing  beneath  the  Old  Red  Sandstone.  The  central  nucieu 
consists  of  quartzose  grits 'belonging  to  the  Mayhill  sandstone  or  Upper 
Llandovery  group.  The  trenches  surrounding  the  central  mass  have 
been  produced  by  the  degradation  of  the  more  perishable  beds,  and  the 
denudation  of  the  harder  rocks. ;( 

I  must  not  conclude  this  brief  sketch  of  the  geological  phenomena  of 
the  British  Silurian  series,  without  referring  to  the  evidences  of  sob- 
marine  and  possibly  sub-aerial  volcanos  having  existed  in  Silurian 
times.§  During  the  period  when  the  Llandeilo  flags  and  their  equivalents 
were  accumulated  over  the  area  extending  from  the  Malvems  to  Pem- 
brokeshire, volcanic  vents  existed,  whence  molten  matter  and  ashei 
were  ejected,  and  became  intermingled  with  the  detrital  accumulations 
of  the  period.  The  volcanic  ashes  were  mixed  up  with  the  gravels  and 
sands  that  are  now  in  the  state  of  conglomerates  and  sandstones,  and  ac- 
cumulated in  beds  that  are  interstratified  with  the  mud  and  sand.  Theae 
igneous  products  were  erupted  prior  to  the  granites  of  those  districts. 

The  great  peaked  mountain -masses  of  Snowdon  and  Cader  Idris,  in 
Wales,  are  formed  of  Lower  Silurian  strata  interstratified  with  contem- 
poraneous volcanic  grits,  and  traversed  by  subsequent  dykes  and  pro- 

♦  See  "Siluria."  The  quartz-pebbles  so  largely  distributed  overthia 
part  of  England,  and  extending  into  the  valley  of  the  Thames,  are  water 
worn  fragments  of  the  rocks  composing  this  ridge  ;  see  p.  220. 

t  "  Silurian  System,*'  p.  493.  J  Ibid.  chap.  xxii.  p.  488. 

§  "  Silurian  System,**  chap.  xxii.  and  xxvi.  &c. ;  and  Mem.  Geo^' 
Sarv,  vol.  i.  pp.  33  and  35. 
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tmsiTe  masses  of  i^eous  rocks.  The  str^tEi  of  Cader  Idria  are  Linpila- 
%«;  IboseofSnowdoij  are  Caradoc  sandstone.  Of  Ihe  igneous  rocks 
of  (lie  L'pper  SOuriaa  period  dome  no  Lice  hoja  already  ^eeu  made  at 
page  813*    ' 

Id  the  Deironiaii  strata  also,  near  Tavistock  and  m  South  Devon*  vol 
cuuc  ash  is  intermingled  with  tbe  argil Laceoua  slates  and  lim^stonea.* 

17*     SiLtJElAN   ANB  CaMBRTAIT   STRATA    OF  EtJKOPE   AND 

Amuiioa, — Since  the  publication  of  the  "  Silurian  System,*' 
much  has  been  done  to  determine  the  position  of  the  forei^ 
Bedijnentary  deposits  formerly  known  to  geologists  by  the 
general  term  of  Transition^rocks  ;  and^  bo  far  as  recent  ob- 
aervationa  have  ascertained  the  characters  and  relations  of 
the  most  ancient  fossiliferous  strata  on  the  Continent^  they 

||re  aU  referable  to  the  same  geological  period  as  the  Silvirian 

B&d  Cambrian  formationB  of  England. 

hi  France  f  the  oldest  palaeozoic  rocks  are  Lower  Silnmn,  which  are 
tucreeded  by  the  Lower  Devonian  ;  the  Upper  Silurian  heing  absent, 

Iti  Bohemia^  especially  aronnd  Prague »  holh  Lower  and  Upper  Si- 
lurian strata,  often  extremely  rich  in  fyssila,  are  largely  developed  ;  and 
hsTtbeen  admirably  elucidated  by  M-  Barrande.J 

Throughout  Scandinavia  j  crystalline  tocIch  occupy  the  surface  of  the 
mm^ry  to  a  vast  extent,  and  are  covered  in  many  places  by  9cdJm<^ntaTy 
itmia  containing  Silurian  fossils.  Near  Christian ia  in  Norway^  the  Lower 
Silnrijin  deposits  occupy  a  long  trough  in  the  gnoissic  rocks ;  and  the 
llUk  islands  in  the  Bay  contain  Upper  and  Lower  Silurian   strata ;  the 


*  Mem.  GeoL  Survey  Great  Britain,  toL  i,  pp.  83  and  90, 

t"SUuria,"p,  383. 

t  **  Syatfeme  Silurien  de  la  Bohfeme/'  Besides  thia  noble  result 
*f  Siis  labours,  in  the  form  of  the  first  volume  (4to)  of  a  ma^ifi- 
cenLly  illustrated  and  comprebensive  work  on  tbe  rocks  and  fossils  of 
«6  Silurian  basin  of  Bohemia,  M.  Barrande  has  published  numeTOiis 
Ptpeni  and  memoirs  in  tbe  geological  publications  of  Paris  and  Ger- 
J^^tiy,  A  complete  epitome  of  his  views,  ably  drawn  up  by  his  friend, 
§irR,MurchiBonj  may  be  consulted  in  "  Siliiria."  See  also  a  full  notice 
°f  M.  Barrtmde's  great  work  in  the  Annals  of  Nat,  Hist  2nd  ser.  voL 
^'  p.  130. 

\  See  "Geotofy  of  Rusaia,"  ^c,  p,  10,  &c. 
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estin;  nerieft,  villi  a  smltitDde  of  iTpcaJ  fnili,  heSatg  oAabbed  in  Terr 

Tbe  Ilk  of  GoihlsDd  exhibits  &  fine  snies  of  Up^wr  and  Lower  Si- 
hsiaa  rocki.  Thnm^cmx  a  lasre  part  of  iht  piuwlmx  of  Scanboif ,  in 
the  south  of  Sweden,  the  SDnriaa  atyata  are  perfect^  horiaantal;  the 
difTefeot  nbordinate  formatioDi  of  aaadstose,  abaHe^  and  limetUiiie  oe- 
curiTDt  at  oorreaponding  heights  ia  hills  masr  leafnes  distant  from  eidi 
other,  vith  the  mne  mioeral  chaiacten  asd  organic  remaioa.  It  is  dev 
that  ther  hare  never  been  discoriwd  ainoe  the  time  of  their  depositioo, 
exeept  br  sach  fradnaJ  moremenu  as  those  br  vhich  laife  arets  in 
Sveden  and  Greenland  are  nov  slovij  and  insensiblj  rising  above,  or 
sinkine  below,  their  former  lereL 

In  Rossia  and  the  Baltic  ProTinoes  t  the  lower  diviiaaD  of  the  SihmiB 
BTstem  is  chancterixed,  as  elsewhere,  by  the  abondinoe  of  Orthidea,  Lep- 
Unw,  and  other  brachiopodons  shells.  Orthocermtites,  and  Trilobites;  the 
middle,  br  Pentameri ;  and  the  upper,  br  larpe  masses  of  corals,  especiaDy 
of  FaTOfites,  Catenipora,  Ac. ;  and  the  I>eTonian  strata  teem  with  remains 
of  the  trpical  species  of  fishes,  and  with  Spiriferi,  Leptanc,  ftc  Through' 
out  the  immense  extent  of  Central  Rnsna,  forming  nearly  one-half  of  the 
European  continent,  there  are  no  introsions  of  igneon«  rocks ;  and  the 
whole  of  the  deposits,  from  the  lowennoiit  to  the  uppermost,  are  but  little 
altered,  and  in  many  instances  are  nnsolidified  ;  yet  eiich  pronp  contains 
the  pame  typically  characteristic  orpanic  remains  as  in  Eng^land.  But  in 
the  Ural  Monntains  and  Siberia,  the  formations  of  the  same  afre  are 
thrown  up  into  mural  masses,  br&ken  into  frairmenta,  imprecated  with 
m«»tal]iferous  matter,  and  exhibiting  erery  variety  of  metamorphic  ac- 
tion, X  Yet  a  clear  distinction  may  nerertheless  be  drawn  between  these 
p*endo-ieneou8  masses  and  the  true  ancient  crystalline  rocks  on  iHiidi 
the  Silurian  strata  of  Scandinavia  rest.j 

In  North  America  a  similar  successi-n  prevails;  and  we  have  thus 
proof  that  the  modification,  extinction,  and  renewal  of  species  are  not 
wholly  attributable  either  to  the  alteration  in  the  course  of  currents,  orto 
the  elevations  or  depressions  of  the  ocean-bed.  or  to  other  more  or  less  local 
causes,  but  depend  on  some  ^neral  laws  which  govern  the  entire  animal 
kingdom.     It  is,  too,  most  remarkable,  that  in  Russia,  where  the  de- 

•  See  Sir  R.  I,  Murchison's  Memoir  on  the  Geiilocy  of  Sweden,  w 
Geolozif-al  Society's  Journal,  vol.  iii.  p.  1  ;  "  Siluria,"  p.  316,  &c. 
t  *'  Ceoloey  of  Russia  in  Europe  and  the  Ural ;  "  and  "  Siluria." 
t  Qiart.  Joum.  Geo!.  Soc.  vol.  xiv.  p.  36,  &c. 
f  *•  Siluria,"  p.  437. 
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PQiits  hfttre  gone  on  Lhrotig!i  LTXtmenae  periods  witliont  mterruptloiif  there 
nit  few  species  whvch  pa-sa  from  one  aeries  into  anoiher. 
The  i>ikmiiti  series  of  North  America  ia  divided  as  foltows  ;  — 
h.  Upper  Silurian*  1.  Upper  Penlamcrtia  lirneatotie  ■  *2,  DeliUyria  "iliidy 
limealane ;  3*  Lower  Pentamerus  limestone  f  4-  Waterlime  rocks ; 
5.  Onondaga  aalt-rocka  ;  6.  CordlUne  limestone  ;  Niagura  fihales  and  lime- 
ikne,  B.  Middle  Siiurian,  7.  Clinloti  rocks;  E.  Medina  eandslone; 
9.  Oneida  conglomerate.  C.  Lower  Silurian.  10.  Hudaon  River  rocks  ; 
IL  UucA  lalaie  ;  12.  Trenton  limestone  ;  13.  Bird *a -eye  limestone  ; 
U.  Omzj  limestone ;  15.  Calciferoiis  sandstone ;  16.  Potsdam  Mnd- 
iluM;  followed  by  the  Huroniati  or  Bottom  Rocks  of  Canada. 

Silurian  strata  form  immense  areas  in  North  America,  atid  constitute 
like  grand  ranges  of  the  Alleghanies.  In  the  Canada^i  they  rest  on  giieiss 
md  granitic  rocks,  like  the  equivalent  deposits  in  Seandinavia  and  the 
l^Oftli-west  of  Scottand.  The  Green  Mountains  of  Vermont  and  the 
While  Mountaiiia  of  New  Hampshire  are  composed  of  altered  Silurian 

18,  Sii^UETAif  FoasTLs;  Plaj^t-ieemaiks. — Theremaiiiaof 
about  1000  apedes  t  of  aaimala  have  been  discovered  in  the 
Murian  and  Cambrian  deposits  of  Britain,  and  of  these,  some 
are  also  present  in  the  Devonian  formation.  Very  few 
ftpeciea  only  are  common  to  the  whole  paheozoic  system,  and 
Dot  one  of  these  is  known  in  any  of  the  secondary  depoBits. 
The  genera^  however,  have  a  much  larger  range.  These 
remaing  almost  exclusively  belong  to  the  invertebrata,  the 
relics  of  fish es  being  comparatively  rare  j  the  large  develop- 
uient  of  this  class  of  vertebrated  animals  in  the  Devonian 
strata  above  is  a  remarkable  zoological  character  of  that 
period,  for  the  general  forma  of  the  Silurian  fauna,  with  this 
fiJEeeptiott,  are  also  found  in  that  series. 


*  The  admirable  Gifological  Slate  Suri-eys  of  North  America,  hy 
llit^^kock,  W.  B,  and  H.  D.  Rogers^  Hall,  Conrad,  Vanoxem,  Dale 
t^wen.  Swallow,  &c.,  and  of  Canada,  by  Sir  W.  Logan,  contain  full  par- 
ticulars of  the  palico2oic  strata  and  their  organic  remains.  See  also  the 
Wi^moirs  by  De  Vemeuil,  D*  Sharpe,  Bijcsby,  Marcou,  LyelU  and  otht^ra ; 
^id  tspecially  the  valuable  chapter  on  the  Pal^to^oic  Hocka  of  South, 
^"iUj,  and  Arctic  America,  in  "  Sihiria/' 
•  PhUlipi^  **  Manual  GeoL"  p.  VIS, 
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VegetcMes. — Although  beds  and  patches  of  culm,  aQtba- 
cite,  and  bituminous  shale  occur  here  and  there  in  the  lower 
palaeozoic  rocks  •  (Silurian  and  Cambrian), yet  plant-remainB 
are  extremely  rare.  Indeed,  it  is  not  yet  proved  for  certain 
that  the  old  anthracitic  schists  owe  their  origin  to  the  de- 
composition of  masses  of  seaweeds,  rather  than  of  zoophytes,! 
and  what  have  been  regarded  as  fossil  Fact  may  often  really 
be  the  casts  of  worm-tracks.  J  This  is  certainly  the  case  with 
Scolithus  linearis  of  the  Potsdam  sandstone  and  Lingulap 
flags,§  and  probably  with  respect  to  the  "  Fucoides  Ha^ 
lani,"  abounding  in  the  Silurian  rocks  of  the  Alleghany 
Mountains.  The  latter  are  short,  curved,  subcylindrical, 
wrinkled,  overlapping  bodies,  sometimes  forming  entire  layers, 
one  hundred  of  which  occur  in  a  thickness  of  twenty  feet.| 

It  is  in  the  Uppermost  Silurian  (Tilestone)  only  that,  as 
yet,  seed-vessels  and  woody  relics  of  terrestrial  vegetation 
have  been  found  in  England.  These  are  of  the  Lycopo- 
diaceous  type.lf 

In  the  flagstones  of  Magdesprung,**  in  the  Hartz, however, 
which  are  most  probably  of  Upper  Silurian  age,  M.  Bisclioff 
has  discovered  several  specimens  of  plant-like  fossils.  Some 
at  least  of  these  appear  to  be  portions  of  stems  or  branches, 
somewhat  resembling  those  known  under  the  names  of 
Knorria  and  Sigillaria  in  the  Devonian  and  Carboniferous 
strata. 

19.  Silurian  Zoophytes, Echinodbbms,  and  AkkelipM. 
— The  Porifera  do  not  appear  to  have  been  frequent  in  the 
Silurian  seas,  if  we  are  to  judge  by  the  general  absence  of 

♦  See  "  Siluria,"  Appendix ;  Rep.  Brit.  Assoc.  1844,  sect.  p.  156,  &«• 
t  See  Harkness,  Quart.  Joum.  Geol.  Soc.  vol.  xi.  p.  471. 
X  See  above,  page  808.  $  '*  Siluria,"  2nd  edit.  p.  41. 

ij  Dr.  Harlan's  "  Medical  and  Physical  Researches,**  p.  399. 
^  Strickland,  Quart.  Journ.  Geol.  Soc.  vol.  ix.  p.  10 ;  and  Salter,  i^^^' 
vol.  xiv.  p.  76.     "  Siluria,"  2nd  edit.  p.  267,  noU, 
♦♦  Quart.  Joum.  Geo\.  Soc,  \o\  nv.  -i^.  432. 
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fosail  BpeciroenB.  fJtwna,  however,  Bae  been  ob&erved  in  the 
Upper  and  Lower  Silurian  rocks  of  Britain  and  Bohemia, 
Prof.  Ehrenberg  kas  shown  *  that  the  grains  of  which  the 
green aand  associated  with  the  Ungulite-grit  of  the  Lower 
SOurian  series  of  Russia  and  the  Baltic  Provinces  is  com- 
poied  are  in  part  at  least  the  stony  casts  of  the  chambers  of 
sheila  of  priraEBval  Foraminifera,  not  differing  from  those  of 
liter  times.f 

Tiie  Oidkamia  occurs  as  small  ^oups  of  mdiatedj  fibrous 
or  thread- 1  ike,  wrinkly,  raised  or  sunken  lines  on  the  sur- 
faces of  the  beds  ;  and  at  first  sight  appears  like  some  marine 
Conferva*  It  is  of  obscure  relations ;  but  is  valued  as  an 
interesting  fossil,  being  abundant  in  the  "  Bottom -rocks  "  of 
Bray  Head. 

TLe  corals  J  crinoids,  and  shells,  in  many  of  the  Silurian 
roeksj  are  so  numerous,  and  comprise  so  many  interesting 
forma,  that  a  reference  to  works  eipreaslj  devoted  to  the 
labject  can  alone  convey  an  accurate  idea  of  this,  the  most 
andeot  fauna  of  our  pjanetj  of  which  any  vestiges  have 
kitherto  been  obtained .f 

•  Berlin  Transact,  for  1855,  p.  17'2,  pi.  vi, 
t  See  above,  pp.  314  and  332 
t  Tke  beatitiful  atid  accufJilti  plates  in  Sir  R.  Murchiaon's  "  Silurian 
Sjfaiem,"  and  repeated  in  **  Siluria "  {which  latter  work  containa  also 
aomerous  woodcut  fibres  of  palj^oaoic  fossils),  contain  repTeaetJtaliona  of 
iiirgie  proportion  of  the  British  species.  Man3f  others  are  figured  in  th*? 
GwL  Transftctious  and  Journal ;  in  Sow(irbj*H  *^  Mineral  Concho  logy  |  ** 
«  FMUips't  "  Fibres  and  Descriptions  of  the  Paleozoic  Fossils  of  Ciom- 
lllj  Dcvan,  and  West  Somerset |  "  in  Portlock'a  ''Geological  Report  of 
LoQdanderry,"  &c-  j  in  the  '*  Geology  of  Hussla  and  the  Ural ;  *'  the  Me- 
^<^T9  and  Decades  of  the  GeoL  Survey  ■  Sedgwick  and  M* Coy's  "  Synopsis 
of  the  British  Palffiozoic  Rocks  and  Fossil  a;  "  M'Coy'a  '*Synops.  SiL  Foss. 
Iceland  ;  "  &c.  The  coraU  have  been  figured  and  deaeribed  by  Milne- 
*^dwirda  and  J.  Haime.  l''he  noble  palseontological  volumes  of  James 
^alli  Dale  Owen,  and  others  of  the  United  Stales  geologists  must  be 
■consulted  for  the  fossils  of  North  America.  The  Silurian  fossils  of 
Bohemia  haTe  M,  Barmnde  fpr  their  accurate  and  ^«i^'?^T^Ti?j\CeXOT\^ssL' 
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Of  the  corals,  tlie  Chain-coral  (Gateinpora  or  JSali/gUes^ 
p.  653),  Omphyma  (p.  650),  Qyathophyllum,  and  many  large 
species  of  Alveolites,  Favositea,  Heliolites,  <fcc.,  are  among  tbe 
prevalent  forms.  They  abound  mostly  in  the  "Wenlock 
group,  and  are  ofben  aggregated  and  cemented  together  into 
large  masses  of  limestone,  on  the  surface  of  which  tbe 
stars  or  cells  of  the  corals  appear  in  relief.  The  slabs  of 
Dudley  (or  Wenlock)  limestone,  embossed  with  these  fossils, 
must  be  familiar  to  every  intelligent  observer ;  indeed,  from 
the  profusion  of  trilobites,  shells,  and  corals  displayed  in 
relief  on  the  surface  of  the  slabs  of  this  limestone,  many  of 
the  specimens  are  of  surpassing  interest ;  they  are,  indeed, 
tablets  of  stone,  inscribed  with  the  typical  hieroglyphics  o^ 
the  palsBozoic  ages. 

The  GraptoUtea*  are  peculiarly  characteristic  of  the 
Silurian  rocks.  They  are  small,  narrow,  thin,  saw-shaped 
fossils;  straight,  curved,  or  spiral;  and  either  simple  or  com- 
plex in  their  stems  and  polyp-cells.  They  are  often  thickly 
scattered  on  the  surfaces  of  flagstones.  GeneraUy  black, 
sometimes  bright  grey  (Sardinia),  they  catch  the  eye  by  the 
distinctness  of  their  general  form,  though  the  strictest  scru- 
tiny of  the  naturalist  is  required  to  distinguish  the  varying 
characteristics  of  their  protean  structure.  Whether  they 
be  allied  to  the  existing  Alcyonaria  or  to  the  Bryozoa,  w 
undecided.f 

Bryozoa  %  are  not  unfrequent  in  the  lower  palaeozoic  rocks. 

Members  of  the  Crinoid  division  of  the  Echinodermata 
abound  in  the  forms  of  Actinocrinus,  Cyathocrinus  (p.  ()G^)» 

and  those  of  Sardinia  are  beautifully  figured  in  the  magnificent  work  ot 
Dc  la  Marmora.  The  Geological  Society  of  France  also  have  published 
many  Memoirs  illustrative  of  the  palaeozoic  fossils  of  France,  Spain,  &<^ 

*  Medals,  p.  255.  Barrande,  Scharenberg,  Geinitz,  J.  Hall,  Saitefi 
M'Coy,  and  Harknesshave  of  late  years  especially  studied  and  illustraU^ 
the  Graptolites.     See  also  **  Siluria,"  chapt.  3. 

t  See  pp.  614  and  629.  X  See  above,  pp.  601  and  611. 
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&C.J  chiefij  m  the  Upper  Silurian  beds.  The  C^sfoidea  are 
numerous ;  especially  Cart/oe^&tiieSj  Echinosph^rites^  and 
^imiocrinites  (p.  066).  The  Starfiah-group  also  is  well  re- 
preaented  by  several  species  ♦  of  Fal^mter^  Fala^terina, 
Pahp^eomat  Bdellamma^  Mkopahcoma^  Froiasier,  Falteodi^cus, 
and  Lt^pidaster,  with  the  echiooid  PaliEchinm. 

AuD elides  f  have  left  abundjmt  proofs  of  their  existence 
libouejhout  the  Cambro-Siluriaa  aeries.  The  ScoUtku*  and 
Aftnkolifeg  are  their  burrows ;  and  nnmeroua  trails  and 
wiats  of  tracks  and  holes  are  alao  found.  Theae  have  been 
IE  some  cases  distinguislied  by  nanies^  and  not  uufrequently 
tkev  have  been  taken  for  the  remains  of  fucoida.  Shelled  aa- 
nelida,  such  as  ^pirorhh^  Tentaculitei,  and  the  ambiguoua  Cor- 
nuUfe^,  often  abound.   The  two  lasat  are  eharaeteristic  fossils, 

20,  SiLUEiABf  MoLLusca. — The  Brachiopodous  Mollusca 
coDstituted  a  very  large  proportion  of  the  population  of  the 
Sihirian  seas  .J  "^^7  attained  great  aumbers,  a^  genera,  as 
species,  and  as  individuals.  Species  of  Atr^pa^  Discina,  Lep~ 
ttna^  LingulUy  Or  this  ^  and  Eht/ncAonella  abounded.  Foram- 
kmitei^  Siphonotrsia^  and  Obolus  occur  in  the  Silurian  rocks 
Oiilj.  Some  of  the  middle  beds  (Llandovery  group)  are  full 
of  Pentameri.  The  genua  Lingula^  which  aifords  aome 
specie i  characteristic  of  the  lower  part  of  the  Llandeilo -rocks 
(Liagula -  ilags)  and  the  equivalent  Potadam- sandstone, 
MhfiichoneUa,  Urania,  Biscina^  and  probably  Terehraiula^  ap- 
piar  in  the  Silurian  rocks,  and  are  present  in  all  the  suc- 
**88ive  groups  of  palseoaoic,  secondary,  and  tertiary  strata, 
Jiiid  even  in  the  present  seaii,§ 

ThlB  Potsdara -sandstone,  the  most  ancient  fossiliferous 


W^  3alt€if,  Annoli  Nat,  Hbt.  2nd  ser,  vol.  ix.  p.  32L 
t  Medals,  p.  503 

I  M.  Bacfiuide  has  determined  2iX>  species  in  Bohemia, 
5  See  Mr,  T.  Davidson's  high\y  valuable  *'  Synoplical  Arrangement  of 

tjjf  ttecfint  and  Fossil  Brachiopoda,"  Annali  Kat.  Hist-  2iid  ser.  toL  xvi. 
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rock  of  North  America,  is  in  many  places  divided  into  lamins 
by  the  remains  of  innumerable  shells  of  the  genus  Idngvk. 
Thej  are  in  such  profusion  as  to  form  black  seams  like  mica, 
and  are  accompanied  with  another  small  placunoid  shell, 
which  is  also  associated  with  a  small  species  of  Linguia  in 
the  lowest  beds  of  the  Llandeilo  series  of  Wales.  H^re, 
then,  in  the  most  ancient  term  of  organic  life  is  a  shell  be- 
longing to  a  genus  not  extinct,  and  very  like  a  species  still 
living.* 

A  Hpecies  of  TFngulitea  or  Oholus  (a  small  orbicular  homy 
shell)  occurs  in  the  inferior  limits  of  the  fossiliferous  deposits 
in  Eu8sia,t  occupying  the  same  geological  position  as  the 
LingulcB  in  the  Lower  Silurian  beds  of  Wales  and  North 
America  above  cited. 

Ambongchia,  Avicula,  Pterinea,  Area,  Cleidophortu,  Moduh 
lopsis,  NtLcula,  and  Orthonota  are  most  of  the  principal 
bivalves.  The  Pteropocta,  such  as  ConulariaX  and  Tkeeaf^ 
were  plentifiil ;  and  of  large  size,  compared  with  the  existing 
species.  Of  Gasteropoda  there  were  numerous  forms :  JS^wwJi- 
phaltis,  Holopella,  Murchisonia,  Pleurotomaria,  and  some 
shells  resembling  the  recent  Trochus  and  Turbo,  were  pre- 
dominant. Acroculia  (like  a  Capulus)  was  not  unfrequent 
in  some  localities,  and  attained  a  large  size.||  Chiton-like 
gasteropods  {Helminthochiton)  also  existed.  The  BeUtrih 
phon,  a  genus  which,  like  many  of  its  associates,  lived  on  into 
the  Carboniferous  seas,  had  many  species  in  the  Silurian. 
The   Cephalopoda^^  however,  were  the  master-forms**  of 

♦  Lyell's  **  Travels,  N.  America,"  vol.  ii.  p.  157 

t  "  Geology  of  Russia,'*  vol.  ii.  p.  292. 

X  Specimens  more  than  a  foot  long  are  preserved  in  M.  Barrande's  in- 
valuable collection  of  Bohemian  fossils. 

§  In  the  Lower  Silurian,  five  inches  is  a  not  unusual  length  for  the 
TheccB ;  they  are  smaller  in  the  Upper  Silurian :  the  living  species  are  of 
microscopic  size. — Barrande, 

II  Five  inches  long,  in  Bohemia. — Barrafide.  If  Medals,  p.  447. 

••  Nearly  300  species,  some  o{  iVvem.  of  large  forms,  occur  in  Bohemift- 
— Barratide. 
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tLeie  prim  era!  sem*  In  Britain  alone  nearljr  sixty  b  pedes  of 
Silurian  Orthoceratii  are  known ;  in  tlie  Bohemian  basin  M. 
Barrande  has  worked  out  very  manj  more  j  besides  many 
other  genera.,  eome  almost  as  rieb  in  species.  M,  Barrande  hm 
met  with  at  least  two  specimeDs  of  Orthoceras  in  which  re- 
mains of  the  soft  parts  are  stLli  p resent ^  in  tlie  eoodition  of 
a  wft,  waxy,  yeUowish-brown,  adipocire-like  substance.* 
Some  specimens  of  Orthoceras  attained  a  large  size,  being 
three  feet  in  length,  and  having  seventy  septa, 

Goniaiites  do  not  occur  in  the  British  Silurian  strata ;  but 
are  present  (fourteen  species)  in  those  of  Bohemia,  where 
otber  fossils  of  a  "Devonian"  character  are  mingled  with 
tlioae  of  the  "  Upper  Silurian/*  M.  Barrande  has  found  in- 
fcationa  of  the  original  colours  of  the  shells  retained  on 
rigbt  or  ten  specin}ens  of  Silurian  ecphalopods  of  Bohemia. 

ZdtuiieSf  Fhra^moceraSj  C^rtocsraSj  and  AseoGeras  are  the 
Kmaming  genera  of  the  British  Silurian  cephalopods-t 

2L  SLLiTEiAjr  Cbttstacea.— The  higher  or  Malacostra- 
cous  members  of  the  Crustacean  order  do  not  appear  in  the 
lowei'  palseoKoic  rocks.  The  Entomostrairaj  however,  abound. 
The  ^te^rygotus^  allied  to  the  Limulus,  but  more  nearly  re- 
sesabling  one  of  the  Lobster  family  in  outward  form,  occurs 
in  the  Lower  Ludlow,^  with  Lwnuhides^  and  again  in  the 
uppermost  of  the  Ludlow  beds,  as  well  as  in  the  Old  Eed 
and  Lower  Carboniferous,  aa  already  mentioned.  Hymeno^ 
^Hi  is  a  bivahnilar  phyllopod,  somewhat  resembling  a  l^e- 
Ma,  and  is  one  of  the  oldest  of  known  organic  remains. 
^atiocan^^  another  bivalved  crustacean,  with  protruded 

•  For  this  and  much  other  interesting  information  respecting^  the  Silu- 
f^an  fossils  of  BohemiHi  the  Editor  ia  indebted  to  the  kindness  of  M. 

t  Th^  Editor  takes  this  opportunity  of  ackno-wl edgings,  with  much 
^easure^  the  great  aaatBtance  he  has  derived  throughout  thia  work  from 
'otPhilUps's  Synoptical  Tahlea  of  Fossil  Genera  ("  Manual  of  Geologry," 
^h),  carefully  constructed  from  Motrin's  *'CataL  BrlL  Fosa,/'  18M* 

I  Salter^  Ann^k  N.  H.  2ad  tser^  toL  iJt.  p*  ^l\ 
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TrilQhit&g* — Bttt  the  most  extraordinary  feature  in  the 
Cambro-Silurifin  fauna  is  the  abundance  aud  variety  of  the 


fHkm  JUorf  it  hert  impfrftttj 


Trilobitea, — a  peculiar  family  of  Cnistaceaus,  of  which  there 
are  no  liviug  repreaentativeH^  and  which  is  restricted  to  the 

•  Tnh^i^^f  signifying  **  tliree-loljedt"  fiotn  tU^  ^eTiSK«\  t^tm  ^l  ^lc*Mi 
T&rapsce  or  shell. 


i 


830  THE  WONDERS  OF  GEOLOGY.  Lm.  Tin. 

pals&ozoic  formations,  and  almost  exclusivelj  to  the  most 
ancient  fossiliferous  deposits;  for,  while. the  Silurian rocb 
teem  with  the  relics  of  hundreds  of  species,*  but  few,  com- 
paratively, occur  in  the  Devonian  and  Carboniferous. 

These  remarkable  crustaceans  had  the  body  protected  by 
a  strong  dorsal  case  or  shell  composed  of  numerous  annular 
segments,  and  generally  divided  into  three  lobes  by  two  lon- 
gitudinal furrows  or  depressions.  The  head  and  the  tail 
are  each  covered  by  a  single  piece.  The  eyes  of  most  of  the 
genera  are  very  large  and  reticulated,  consisting  of  nume^ 
ous  distinct  facets  or  lenses,  as  in  other  crustaceans,  and  are 
implanted  on  the  cephalic  buckler.  No  traces  of  pats,  feet, 
or  swimmers  have  been  detected,  and  it  is  therefore  sup- 
posed that  these  appendages  were  composed  of  a  sofb  and 
perishable  substance.f 

One  of  the  most  common  species  of  Trilobite  is  the  (%• 
mene  Blumenhachiiy  commonly  known  as  the  "  Dudley  fossil 
Insect'*  or  "Locust,"  and  which  has  long  attracted  the 
attention  of  collectors  ;  J  this  crustacean  is  found  either  at- 
tached by  the  under  surface  to  the  rock,  as  in  Li^n.  192,  or 
coiled  up  like  an  Oniscus,  or  wood-louse. §  Some  kinds,  as 
the  Calymene,  could  coil  themselves  into  a  ball  like  the 
w^ood-lice;  while  others  had  the  central  segments  alone 
moveable.  The  Trilobites  vary  exceedingly  in  form  and 
magnitude ;  some  not  exceeding  a  few  lines,  while  others 
are  eighteen  or  twenty  inches  in  length. 


♦  In  Bohemia  alone  252  species  have  been  recognised  by  M.  Banrande. 
See  his  richly  illustrated  work  on  the  Silurian  Basin  of  Bohemia. 

t  See  Medals  of  Creation,  pp.  532 — 542,  for  an  account  of  the  Trilo* 
bites,  and  for  references  to  monographs  and  descriptions.  The  notictf 
of  the  Trilobites  in  Sir  R.  Murchison's  "Siluria"  must,  however,  be 
carefully  consulted,  as  comprising  the  latest  and  most  complete  account 
of  the  distribution  of  this  genus. 

X  This  Trilobite  was  figured  and  described  by  Lhwyd  in  1698. 

^   Jl/edala  of  Creation,  ^.b^  l^Lign.Vl^o,  iig.4V 
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Tlie  Trilobiles  of  Lhe  genera  AffnoMiia^  Conocephalta,  Otema^  and  Pa* 
mdmidet  churttcteriie  the  lowest  lusslliferous  Btbiats ;  jEfflina^  AmpMon^ 
AtapliUdt  C^bele^  Ct/phoniMcua^  Barpet^  ///ep^iu^,  O^tfgia,  IiemQpi£uridg»j 
T>  irtwfei**^  &c*  belong  to  tins  Llaiideilo  lUid  Ciiradoq  beds  i  Acidaspiij 
Pmtts^  &c.  have  more  Upper  ih^^a  Lower  SiluTian  specieif,  Vaiymm^,* 
^hiimmA^  CyphaipUf  Ertcrinuri^^  HonUihjwhtSf  Lichtu,  Fh(MiQpit  and 
flittir  gimera  range  from  the  lower  to  Ihe  upper  part  of  the  Mrtes. 

Aouording  to  the  late  reseirches  of  Prof-  W.  B,  Rogers, f  the  gigantic 
B»(id6£ide9  H&rhni  thumcterizes  the  metamorphic  achiala  of  Brain- 
Hm  (Eastern  Massachusetts),  ilaikking  ihe  A)leghanie3}  ttrn  mile^  ^uth 
of  BoaU>D,  and  indicates  their  ago  to  be  that  of  the  Lin  go  la- flags  of 
I  Wolia,  M.  Barrande'd  ''  zooe  primordial^  *'  of  Bohemia,  and  the  Pots- 
'  dm-«mdstoiie  and  the  Dikelocephalus-sandstone  of  North  America, 

22,  Visual  OHGAys  of  the  Teixobiteb.  —  That  any 
traces  should  remaia  of  the  viaual  organs  of  animals  which 
aisted  at  so  remote  a  period  seems  at  first  in  [credible ;  bat 
tbere  are  no  Km  its  to  the  wonders  wUieb  Geology  imfolds  to 

The  eye9  of  the  Trilobited  retembM  in  structure  tlioae  of  cnistaceana 
iod  ingots,  which  are  composed  of  a  vast  number  of  elongated  cones, 
^h  having  a  cry^ialUne  lens^  p^pU,  and  cnmoa^  and  lerminalhig  on  the 
ttliemity  of  the  optic  nerve, '  Each  orguu  of  sight  m^  therefore,  acorn- 
pctuid  tUBtrument,  made  up  of  a  seriea  of  optica)  tubes,  or  telescopes,  die 
auoiW  of  which  in  some  inaecta  is  quite  marvellous.    Thus,  each  eye 


*  Calt^metie  Bhimenbachii  uccurs  both  in  ike  Caradoc  or  Bala  beds  of 
Iwwdon  and  m  the  Wenlotik  limestone, 

t  BflftOD  Nat.  Hiat.  Soc.  Proceed,  vol,  Ti,  pp»  27  and  40.  See  al:iu 
'ft*l.  p*  140,  for  Prof.  H*  W.  Rogers 'a  remarks  on  the  cJnssiiiicatiou  of  the 
llrtun^hic  rocks  of  the  Atlantic  slope  of  the  Middle  and  Southern 

I  The  etructtiro  of  the  eye  of  the  Trllobite  was,  I  believe,  firat  noticed 
^  that  accurate  observer,  Mr.  Martin,  the  author  of  "  Petrif  Derbi- 
*^;  **  it  is  illustrated  in  the*^  HistoireNaturelle  desCrtifltaceB  Fossiles," 
Mr  A.  Brongntart  et  G.  A.  Desmarest,  Buckland's  **  Bridg.  Treat./*  the 
**  Decades  of  the  Geob  Survey,'*  Barrande'a^^Syat.Silur.  Boh&me,*'ifol.  i, 
f^rilobitea),  and  in  Burmei^ter's  **  Organic*  Trilob."  The  cornea  in  the 
*riJobites  is  said  by  Bunneistcr  to  have  an  oKtemal  smooth  integument, 
^hich  cnvera  over  the  faceta  of  the  aggregation  of  lenses  gf  ivhtch  thfi 
>e  consists,  as  in  tl)e  B/a/Jchipus, 
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of  the  common  hoose-fl  j  is  composed  of  eiidit  thonsuid  distinct  viinil 
tubes ;  that  of  the  dragon-flj,  of  nearl j  thirteen  thoosud  ;  and  of  • 
imfterflj,  of  aerenteen  thousand.  The  Trilobite,  like  the  Limalii%  nM 
furnished  with  two  compound  ejes,  each  being  the  frustrnm  of  a  cone, 
but  incomplete  on  that  side  which  is  opposite  to  the  other.  In  Pkteeft 
upwards  of  2(X)  lenses  have  been  detected  in  each  eve ;  but  in  gcnenl 
the  lenses  have  fallen  out,  as  often  happens  after  death  in  the  eyes  of  the 
common  lobster.  The  eyes  of  ^^lina  are  rery  large,  and  each  eye  coo- 
tains  more  than  1500  facets ;  but  the  eye  of  Bronte*  palifer  preeetfi 
more  than  30,000  faceta  (Barrande).  Thus,  observes  Dr.  Bucklanive 
find  in  the  trilobites  of  these  early  rocks  the  same  modifications  of  the 
orfnn  of  sight  as  in  the  living  crustaceans.  The  same  kind  of  iitftro- 
ment  was  also  employed  in  the  intermediate  periods  of  our  geologicil 
histr>ry,  when  the  secondary  strata  were  deposited  at  the  bottom  of  t 
sea  inhabited  by  Limuli,  in  those  regions  of  Europe  which  now  form  the 
elevated  plains  of  central  Germany.  But  these  results  are  not  confined 
to  physiology:  they  prove  also  the  ancient  condition  of  the  seas  and  it- 
mosphere,  and  the  relation  of  both  these  media  to  11^.  For  in  thoie 
remote  periods  the  marine  animals  were  furnished  with  instrumenti  of 
viAion  in  which  the  minute  optiral  adaptations  were  the  same  as  tboM 
which  now  impart  the  preception  of  light  to  the  living  Crustacea.  The 
mntTial  relations  of  light  to  the  eye,  and  of  the  eye  to  light,  were,  there- 
fore, the  same  at  the  time  wh^n  crustaceans  first  existed  in  the  bottom  of 
the  Silurian  seas  as  at  the  present  moment.* 

23.  SrixRiA^  Fishes. — Of  the  vertebrate  animals,  the 
relics  of  a  few  species  of  small  placoid  fishes,  and  a  few  othen 
of  the  ffanoid  group  and  cephalaspid  familv,t  found  in  the 
Upper  Ludlow  rocks,  are  the  only  vestiges  hitherto  obtained 
from  the  immense  series  of  strata  composing  the  Silurian 
8y«<tem  (of  Murchison), — the  Silurian  and  Cambrian  series  of 
Sedi^ick. 

From  the  presence  of  Cephaliupu  (afterwards  so  plentiful 
in  the  Old  Red  Sandstone)  amongst  these  Ichthyolites,  and 

•  Bridtrewater  Treatise,  pp.  39^ — 404,  where  the  subject  i<  ably  eloci- 
dated,  and  placed  before  the  reader  in  a  striking  point  of  view. 

+  .Se«  Table,  p,  802.  For  the  latest  information  respecting  Silurian 
f:Hh-remain«,  see  Quart.  Geol.  Joum.  rol.  ix.  pp.  12  and  10  ;  ibid.  toI. 
xi;i.  jfp.  2^2  and  29<J ;  and  "Siluria." 
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^^  aasociatioii  with  Pf^rjfpatms.  wliich  also  becomes  abund* 

*ntlj  developed  in  the  Forfiuwhipe  shales,  the  uppermost 

^dlow  rocks  of  Britain  eridentlv  mark  the  transition  fn>m 

the  Silurian  to  the  Devonian  epoch :  that  is,  those  beds 

^ere  being  deposited  during  the  period  (probably  of  jim^at 

duration)  when,  coincidentlv  with  some  important  ivarrange* 

i&ent  in  the  distribution  of  land  and  sea,  the  precursors  of 

Hew  tribes  of  ^niniala  advanced  upon  the  shallowing  aiva  of 

the  old  sea-bed,  before  the  existence  of  the  ancient  fonns  of 

life  was  terminated. 

Most  of  the  ichthyolites  occur  in  two  thin  brownish  bands, 
called  "  the  Ludlow  Bone-beds  ; "  the  lower  one  of  which, 
though  only  a  few  inches  thick,  has  been  traced  for  more 
than  forty  miles.  It  consists  mainly  of  animal  detritus, 
namely,  the  bones,  teeth,  scales  or  shagreen,  iin-bones,  and  co- 
prolites  of  small  fishes.  This  deposit  resembles  the  bone* 
bed  *  at  the  base  of  the  Lias. 

24.  Stbuctube  of  Slate-bocks. — Many  of  the  older  pa- 
laeozoic rocks  of  Britain,  America,  and  elsewhere  have  boon 
not  only  hardened  by  chemical  and  mechanical  agencies,  but 
converted  into  shivery  or  schistose  rocks,  traversed  by  nu- 
merous joints ;  and  sometimes  they  are  separable  into  thin 
regular  plates  or  slates.  These  changes  have  taken  pla(*e, 
also,  in  some  of  the  Devonian  and  Carboniferous  rocks ;  and, 
in  the  Alps  and  other  places,  even  the  Cretaceous  and  Ter- 
tiary rocks  have  been  similarly  altered. 

Schists  and  slates  almost  uniyeraally  occur  on  the  flanks  of  mountain - 
masses,  rising  up  into  lofty  peaks,  and  dipping  beneath  the  newer  iM'di- 
nratary  deposits :  thus  Skiddaw,  Sea-fell,  Coniston-fell«  and  Saddlebairk 
in  Cumberland,  peaks  3000  feet  high,  are  schistose  and  slaty  rocks 
:hrown  up  by  a  central  mass  of  granite. 

*  See  p.  524.    This  latter  bone-bed,  having  much  the  same  relation  to 
he  Trias  as  the  Ludlow  bone-beds  have  to  the  Silurian,  has  been  Irared 
br  upwards  of  forty  miien  in  the  West  of  E>ii|^«A^,  ^«nl^M  \w«>on% 
vm  recogoiaed  orer  a  wide  area  in  Germany. 
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Shales  are  either  hard  or  soft  argillaceous  rocks,  easily  splitting  along 
the  planes  of  bedding  or  of  sedimentary  deposition ;  Sehittt  are  hard 
rocks,  of  argillaceous  or  silicious  composition,  which  are  laminated  and 
shivery  chiefly  along  the  planes  of  bedding  ;  in  SlateSy  on  the  contniy, 
the  laminated  structure  is  due  to  divisional  lines,  called  planes  of  dtoMge, 
which  traverse  the  planes  of  bedding,  in  what  were  originally  strata  of 
fine  argillaceous  sediment. 


UUM.  196.— SLATB-KOCKA  AND  ORAPTC LITE-SCHISTS  AT  ABXIIKIDDT  BAT,  KXAB  ST. 

Datid's,  Fkhbrokkshiks.    ("  Silurian  Byatem/'  p.  SM.) 
.  27^  linti  of  dtavagt  and  itrtU{/katUm  eoineitUHt.) 


LiGN.  197.— Sections  of  Slatx-rocks- 

ri{;.  1.  Section  near  LlandoTery.  Quartzose  frrit  and  sandstone  ;  a,  a.planesof  beddiBCitA 
quartzose  reins.    The  highly  inclined  lines  mark  the  planes  of  slaty  clearsfe 

Fig.  a.  Section  of  alate-rocks  at  Whitesand  Bay,  Fembrokeshire  ;  the  dearage  and  Hi*" 
stratification  divergent. 

It  is  often  difficult  to  define  schistose  and  slaty  rocks;  and  there «• 
also  rocks  distinguished  from  either  by  their  lines  of  division  (often  srt 
widely  apart)  being  termed  planes  of  foliation^  such  as  are  seen  in 
most  of  the  giieissose  locka.    TVie  \meiv^s%  of  ^ain,  general  aspect,  hard* 
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nss^  and  textum  of  true  slates  (roofiog-siate)  are  too  -weU  known,  from 
Uta  universal  employtuenl  of  slAte  for  etjononiicaj  purpoee^,  to  require 
ptrticiiJar  deatTiptioL.  Thi;  coloiif  usually  approaches  to  bJuc,  grey, 
green,  and  a  dull  purple  j  and  tfee  texture  is  very  fine,  although  oeca- 
ftLOQaHy  the  elate  paa^es  into  sandetciue  and  greyw;acke  ;  for,  ae  <jlay*beds, 
MDd9lone%  and  couglomaraLes  aiicccedr  or  alttimate  with,  each  other  iii 
blcr  fonnations,  so  claj-JibtB  occasLonaliy  passcfi  into  varieties  of  grey- 
^auke,  which  are  induaied  eandy  and  gritiy  strata,  often  couLaimug 
iagmenta  of  still  older  aUt<*a  and  cryslaUine  rocki,  and,  from  the  nature 
>r  tkeir  compciaition,  not  susceptible  of  the  inMite  and  regular  cleata^t 
hat  the  clay^rock  ha^  underg^ine. 

In  HJino  iiifita:ic€a,  ih^  lines  uf  cleavage  are  in  Ibe  aarae  plane  as  those 
if  ibe  fttrata,  as  in  the  section  {Lipi.  i*d6)  ^  but  com m only  th&  cleavage 
i  in  R  differient  direction  to  the  stratiJicauon^  the  respective  Imta  crossing 
ftch  other  at  various  angles .  In  the  q^uartzose  grit  and  sandstone  of 
Juodovery  {Liffn.  197 ^  Jiff.  I),  and  in  the  slate-rocks  at  Whiteajmd  Bay 
^  Pembrokeahire  (Jtff.  2},  the  discrepancy  between  the  lines  of  deposi- 
lOn  aad  uf  cleavage  ia  strongly  marked. 

This  peculiar  laminated  structure  is  eomniOQ  ta  many  rocks  "which  are 
twd,  by  their  contained  fossils,  lo  be  of  sedimentary  origin »  The  direc- 
OQ  of  the  laminae  or  ckavage -planes,  with  resp&ct  to  the  fltratill cation 
r»  given  rock  J.  differs  exceedingly  in  different  places  ;  these  being  oft- 
ttiimcs  at  right  angles  to  each  other  (see  Liffn.  197, ^i?.  ti).  Hence  il 
>lIows  lliat  this  remarkable  structure  must  be  wholly  independent  of  de- 
OKition.  Prof*  Sedgwick  has  regarded  it  as  being  due  to  a  kind  of  dtdi 
ryiialline  action  on  an  enormous  scale.  Prof.  Phillips  atid  Mr.  D.  Sharps 
a.Te  shown  that,  chiefly  from  the  changes  of  form  that  fossils  have  un- 
done in  some  cleaved  rocks,  meelmnieal  force,  applied  laterally, 
Eld  connected  probably  with  the  uplift  of  mountain- masses,  has  bad 
inch  to  do  with  the  origin  of  cleavage,  in  conjunction  perhaps  with  the 
^talUae  action  sujj^ested  by  Sedgwick.  And  la^^tly,  Sorby  has  demon- 
Imed  that  ihe  intimate  particles  of  clay-alate  and  other  slaty  rocks 
ave  been  absolutely  shifted,  by  meehanieal  force,  from  their  original 
(klitlous^  in  which  they  were  doposited  vm  sediment^  suto  new  poeiiiuns 
I  which  they  are  set  parallel  to  each  other,  and  arranged  in  lines  and 
LtninsSj  giving  rise  to  innumerable  lines  or  planes  of  relative  weak- 
en in  the  rocky  mass^  along  which  it  mp.y  be  easily  spUt;  the  old 
ties  of  bedding  being  more  or  less  completely  obliterated  by  the  change 
'  structure*  The  foimthn  of  the  gneisiic  rocks  is  partly  due  to  a 
'  cause ;  and  partly,  it  appears,  to  those  chemical  {^terationSi  on 
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an  enormous  scale,  which  the  rocks  in  contiguity  to  the  deep-seated 
igneous  masses  have  suffered,  and,  probably,  are  still  undergoing.* 

25.  Review  of  the  Loweb  Faljbozgio  Sebieb.— In 
conclusion,  I  will  briefly  review  the  leading  phenomena  which 
have  been  brought  under  our  notice  in  the  course  of  this 
Lecture. 

The  strata  comprised  in  the  Silurian  or  Cambro-Silurian 
series  present  all  the  usual  characters  of  marine  sedimentary 
deposits.  The  fossils  comprise  traces  of  marine  worms 
throughout  the  series,  many  corals,  chiefly  in  the  upper 
limestones,  numerous  crinoids,  immense  numbers  of  extinct 
forms  of  the  lower  crustacean  tribes,  and  of  brachiopodous 
mollusca,  with  many  of  the  lamelli-branchiate,  gasteropodous, 
pteropodous,  and  cephalopodous  families.  The  fishes  come 
in  late  in  the  series,  together  with  scanty  relics  of  terrestri- 
al plants.  The  marine  vegetation  of  the  period  is  indicated 
only  by  obscure  fucoidal  markings,  and  possibly  by  the  oc- 
casional anthracitic  and  bituminous  bands  of  the  lower  rocks. 
These  organic  remains  belong,  for  the  most  part,  to  peculiar 
generic  types,  mostly  ranging  throughout  the  fossiliferous 
Cambro-Silurian  strata,  and  some  extend  into  the  upper  pa- 
laeozoic formations,  but  none  occur  in  the  secondary  deposits. 

In  fine,  the  lower  palaeozoic  rocks  (the ."Silurian  and  Cambrian," of 
Sedgwick,  or  "  Upper  Silurian,  Lower  Silurian,  and  Bottom-rocks,"  of 
Murchison)  have  resulted  from  marine  depositions,  going  on  through  im- 
mense periods  of  time,  in  seas  swarming  with  zoophytes,  crinoids,  crusta- 

♦  The  papers  by  Sedgwick  and  D.  Sharpe,  on  Cleavage,  are  to  be 
found  in  the  Geolog.  Transact,  and  Journ. ;  Mr.  Sorby's  papers  in  the  Phil- 
Mag,  and  Edinb.  N.  Phil.  Joum.  Their  researches,  together  with  those 
of  Darwin,  Hopkins,  Tyndall,  Rogers,  Haughton,  and  others,  are  admir- 
ably collected  and  illustrated  by  Prof.  Phillips,  in  his  "  Report  on  CleaT- 
age,"  to  the  Meeting  of  the  British  Assoc.  1857.  See  also  Sir  R.  Mur- 
chison's  concise  resume  of  the  facts  and  hypotheses  relating  to  the 
interesting  subject  of  Cleavage,  in  "  Siluria,'*  2nd  edit,  chapter  2.  Fo' 
some  remarks  on  MeUmorphism  of  Rocks,  see  further  on,  Lect.  viii. 
part  2. 
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^^'^t  and  molluscs,  and  ultimately  with  fishes.  Much  of  the  lower 
PpnioQ  of  this  great  sedimentary  series  has  been  subjected,  since  its  ori- 
8"^  deposition,  to  metamorphic  influences,  by  which  the  sedimentary 
^racters  have  been  either  greatly  modified  or  entirely  obliterated ;  still 
^me  of  the  "bottom-beds"  (Longmynd)  are  even  less  altered  than  great 
portions  of  the  succeeding  groups  of  Llandeilo  and  Caradoc. 

Some  eminent  geologists  are  of  opinion,  that  there  is  a  line  in  the  de- 
scending series  of  strata,  where  organic  remains  entirely  disappear ;  and  that 
tJiis  line  is  by  no  means  coordinate  with  mineral  changes  induced  by  igneous 
action.  As  regards  the  absence  of  fossils  in  the  porphyriferous  schists 
of  Llandeilo  age,  it  may  be  in  part  attributable  to  the  obliteration  of  all 
Vestiges  of  organic  remains,  in  consequence  of  the  high  temperature  to 
which  they  hare  been  exposed ;  or  animals  may  not  have  been  capable 
of  living  in  an  ocean  subjected  to  continual  incursions  of  igneous  matter. 
But  the  bottom-rocks  are  sometimes  not  so  much  altered  but  that  fos- 
sils might  be  detected  in  them,  if  present ;  and  this,  to  some  extent,  has 
been  put  to  the  proof,  at  Bray  Head  and  the  Longmynd,  by  Dr.  Kinahan 
and  Mr.  Salter,*  who  have  thus  extended  our  knowledge  of  primeval 
animated  nature  into  periods  once  thought  to  be  *'  azoic."  What  further 
glimpses  into  the  natural  history  of  the  primordial  regions  we  shall  ob- 
tain, the  persevering  and  active  researches  of  intelligent  collectors  will 
alone  show. 

With  the  Oldhamia  of  Ireland,  the  PaUeopyge  of  the  Longm3md,  and 
their  associated  ArenicoUtes,  we  lose  at  present  all  positive  evidence  of 
the  presence  of  organic  beings  on  the  surface  of  the  primordial  earth ; 
but  it  would  be  rash  to  assume  that  these  most  ancient  fossils  are  the 
relics  of  the  earliest  living  things  that  tenanted  our  planet.  Well  has 
Sir  C.  Lyell  remarked,  that  '*  it  is  too  common  a  fallacy  to  fix  the  era  of 
the  first  creation  of  each  tribe  of  plants  or  animals,  and  even  of  animate 
beings  in  general,  at  the  precise  point  where  our  present  retrospective 
knowledge  happens  to  stop."  f 

•  See  above,  p.  808. 
t  See  also  "  Travels  in  North  America,"  vol.  ii.  p.  128,  &c. 
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PAST  IL— IHX  VOLCANIC  AJSJ)   HTPOQBNS  BOCKS. 

1.  Introdnctoiy.  2.  yatare  of  Yolcanic  Action.  8.  Eartbqaakes.  4  Earttaqtnke  of 
Lisbon.  5.  Pblegman  Fields,  and  the  Llpari  Isles.  6.  Isdils  and  YesaTlns.  7.  Stiofr 
ture  of  Volcanic  Moontains.  8.  Volcanic  Products.  9:  LaTa-corrents,  Dykes,  and 
Veins.  10.  Eniptions  of  Vesnvfns.  11.  Hercnlaneom  and  Pompeii.  12.  ConsenraUve 
effects  of  Lava-streams.  13.  Organic  Remains  in  Lava.  14.  Mount  Etna.  15.  Vsldd 
Bove.  16.  Volcano  of  Kilanea.  17.  Mr.  Stewart's  visit  to  Kllanea.  18.  Volcano  d 
Jomlla.  19.  Submarine  Volcanos.  20.  Summary  of  Volcanic  Phenomena.  21.  Hypo- 
gene  Rocks.  22.  Mica-schist  and  Gneiss.  23.  Contorted  Crystalline  Kbcks.  24.  Banlt 
or  Trap.  25.  Isle  of  Staffs.  26.  Strata  altered  fh>m  contact  with  Basalt.  27.  Trap- 
d^'kes  in  the  Isle  of  Sky.  28.  Granite.  29.  Granitic  Eruptions.  80.  Metamorphism  of 
Rocks.  31.  Precious  Stones.  32.  Metalliferous  Veins.  33.  Auri/lerous  Alluvia.  34.  Cu- 
preous Deposits.  35.  Transmutation  of  Metals.  86.  Review  of  the  Hypogene  Bocks- 
37.  Organic  Remains  in  mctamorphic  Rocks.  38.  Chronology  of  Mountain-chains.  A 
Systems  of  Elevation.  40.  The  Great  Caledonian  Valley.  41.  Structure  of  Ben  Nevi*. 
A2  Retrospect.  43.  Successive  changes  in  the  Organic  Kingdoms.  44.  Geological 
effects  of  Dynamical  and  Chemical  Action.  45.  Strata  composed  of  Organic  Remains. 
46.  General  Inferences.  47.  The  Ancient  World.  4B.  Corollary.  49.  Final  Effects. 
60.  Concluding  Remarks. 

1.  Inteoductoet. — We  have  now  passed  the  boundary 
which  separates  the  animate  from  the  inanimate  world,  and 
have  entered  those  regions  of  geological  research  in  which 
all  traces  of  organized  beings  are  absent,  and  various  modifi- 
cations of  mineral  substances  are  the  only  objects  that  meet 
our  view.  The  rocks  no  longer  exhibit  those  organic 
characters  by  which  we  were  enabled  to  decipher  the 
natural  records  of  the  past,  entombed  in  the  fossiliferous 
strata;  but  they  are  inscribed  with  hieroglyphics  whose 
meaning  is  often  obscure  and  frequently  uninteUigiWe,  and 
mapy  of  which  admit  of  a  double  interpretation. 
The  "^l  effects  oi  ^^\.«t  «*^  ^^\5^^.,'evj^Tyiifhere  so 
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ftiit;  but  the  powerful  agencj  of  tbe  same  substance  in  the 
eeveral  conditions  produced  by  high  temperature — m  vapour, 
Bteam,  and  gas  ♦ — is  universally  exhibited  in  the  upheaved 
moQTitain-chaiDS,  tbe  protruded  igneouis  matter,  the  rent  aad 
dislocated  roclsB,  and  the  rugged  peaks  ttnd  precipitous  glens, 
wldch  are  the  characteristic  features  of  tbe  physical  geogra- 
phy of  schistoae  and  granitic  regions. 

la  the  phenomena  attendant  on  the  earthquakes  and  vol- 
canoa  of  modern  times,  we  have  proofs  of  the  continued 
energy  of  those  physical  forces  which  produced  the  results 
tbafc  wiH  form  tbe  principal  subjects  of  this  discourse.  Tbe 
iiature  and  efleet  of  volcanic  action  (to  which  we  have  pre- 
Tiously  and  incidentaUy  alluded)  now,  therefore,  demand  our 
especial  consideration,  in  order  that  we  may  comprehend  the 
origin  and  formation  of  tbe  metamorphic  and  plutonic  rocks ; 
or  in  other  words,  of  those  mineral  masses  which  have  ac- 
quired a  crystalline  structure  from  exposure  to  tbe  influence 
of  intense  heat  under  great  pressure,  and  have  been  elevated 
into  their  present  position  by  subterraneous  movements.  I 
propose,  in  the  first  pJaee,  to  consider  tbe  nature  and  effects 
of  igneous  action  aa  exhibited  in  existing  volcanos ;  secondlyj 
to  deacribe  the  hypogene  or  plutonic  rocks,  and  the  changes 
produced  in  contiguous  mineral  masses  by  their  influence ; 
Had,  lastly,  to  offer  a  few  general  remarks  on  some  of  the 

^■Dst  important  subjects  that  have  engaged  our  attention. 

V^.  ^ATFEE  OF  Volcanic  Action,^  —  Volcanic  action 

I      *  The  beautiAil  ex^peiim^nta  of  Mt,  Grovo  prove  that  water  may  be 

I   i*4ioed  to  lis  elementary  compoun da —oxygen  and  hydrogen^tiy  intense 

I    Wtilone.     See  Pbilcs.  TraDs.  1816. 

;  t  Daobcny,  Darwin ,  Scropes  and  Lyell  are  chief  dmong  the  EngiisiK 
BSologtstg  who  have  made  the  causey  atid!  effects  of  voleanos  a  special 
Kudy.  The  Transa,cticin9  and  Journal  of  the  Geological  Society  are  en- 
riebed  with  aeveral  of  thejr  Memoirs  j  and  the  special  worlss  of  Screpe 
"^  Dttubeny  on  Volcanoa  ought  te  be  in  the  hand»  uf  the  student.  In  the 
^Fpeiidix  to  the  second  edilion  of  Dr.  Daiibeny's  comprehensive  and  in- 
Hiihlk  "  Description  of  active  and  extinct  'Volcaiios,  ol  ^^ti3a!^^%fti 
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is  referred  by  Humboldt  to  the  influence  exerted  by  the 
internal  heat  of  our  planet  on  its  external  surface  ;  by  which 
concussions  of  the  land,  or  earthquakes,  and  the  expansion 
or  elevation,  and  the  subsidence  or  contraction,  of  large 
portions  of  the  solid  crust  of  the  earth  have  been  produced. 
The  number  of  existing  volcanos  is  estimated  at  about  200, 
of  which  IIG  are  situated  in  America  or  its  islands. 

In  the  previous  discourses,  many  of  the  eflfects  of  igneous 
agency  came  under  our  notice,*  namely,  the  subsidence  and 
elevation  of  the  Temple  of  Serapis  (p.  106),  the  gradual  rise 
of  Scandinavia  (p.  116),  the  upheaving  of  the  sea-coaat  of 
Chili  (p.  112),  and  other  mutations  of  a  like  nature.  As  we 
successively  examined  the  tertiary,  secondary,  and  palaeozoic 
or  primary  formations,  proofs  that  similar  phenomena  had 
taken  place  during  every  geological  epoch  were  equally 
manifest ;  the  geographical  distribution  of  the  foci  of  vol- 
canic action  was  found  to  have  varied,  but  throughout  the 
cycle  of  physical  changes  contemplated  by  Geology,  the  vol- 
cano and  the  earthquake  appear  to  have  been  in  ceaseless 
activity. 

and  of  Thermal  Springs,  &c.,"  will  be  found  a  full  and  classified  list  of 
British  and  foreign  works  on  the  same  subjects  previous  to  1848.  The 
first  volume  of  Humboldt's  inimitable  "Cosmos  "  has  a  section  devoted 
to  the  subject  of  Volcanic  phenomena,  and  supplies  many  references  to 
Von  Buch,  Arago,  Bischof,  Prevost,  Gay  Lussac,  and  other  continental 
authors.  Abich,  Deville,  de  Beaumont,  Dolomieu,  and  Scacchi  are 
other  European  geologists  who  have  written  valuable  treatises  on  Volca- 
nos ;  and  Dana  heads  the  list  of  American  volcanists.  Earthquakes  and 
their  associated  phenomena  have  necessarily  been  treated  of  by  many  of 
the  above-named  geologists ;  but  M.  A.  Perrey,  of  Dijon,  and  Mr.  Mallet, 
of  Dublin,  have  especially  taken  up  the  subject,  in  some  of  its  aspects ; 
the  results  of  the  researches  of  the  latter  will  be  seen  in  the  Reports  of 
the  British  Association  ;  the  publications  of  M,  Perrey  may  be  found  in 
the  Memoirs  of  the  Scientific  Societies  of  Paris,  Lyons,  Brussels,  «&c.  The 
student  is  particularly  recommended  to  read  the  chapters  on  Volcanic 
Rocks  and  Action,  in  Lyell's  **  Manual  of  Geology,"  5th  edition. 

♦  A  concise  view  of  the  eff'ects  of  high  temperature  and  of  volcanic 
action  on  the  earth's  crust  was  given  in  tlie  first  Lecture,  vol.  i.  p.  1U3. 


NATUKE  01  VOLCANIC  ACTION^ 


841 


The  immediate  eaiise  of  volcanic  action  has  been  referred 
BOine  to  the  operation  of  heat  produced  ht/  chemical  a^enctf, 
cb  as  the  combustion  of  Hulphureoiis  or  carbonaceous  sub- 
Luces,  or  the  combination  of  oxygen  with  the  metailie 
ses  of  certain  alkalies  and  eartha ;  whilst  others  refer  vol- 
xic  action  to  the  actual  existence  of  a  verif  Mgh  temperature^ 
th  incandescent  and  molten  mineral  matter,  beneath  the 
let  of  the  earth.*  The  following  are  the  eviclencea  of  the 
Istence  of  the  centrul  heat.  If  the  globe  consisted  of  a 
id  rock,  such  as  granite,  it  is  calculated  that  its  specific 
ivity  would  be  greater  than  what  astronomers  find  it  to 
;  and  it  ia  therefore  assumed,  that  the  expansive  power  of 
at  must  be  present  to  resist  the  compression  arising  from 
Invitation  to  the  centre.  A  constantly  increasing  tempera- 
re  of  the  interior,  according  to  the  distance  beneath  the 
fface  of  the  earth,  is  found  to  exist,  from  observationa  in 
nes  and  on  the  waters  of  deep  wells.  The  heat  of  many 
neral  springs,  the  outbursts  of  the  volcanic  rocks  them- 
;ve8,  and  the  alterations  wMch  deep-seated  strata  have 
ffered  apparently  from  the  action  of  heat,  are  also  regarded 
direct  evidences  of  a  greatly  heated  condition  of  the  earth^s 
berior. 

^his  high  temperature  of  the  interior,  whatever  may  be 
lorigin,  is  the  germ  not  only  of  earthquakes,  which  are 
le  pjirely  dynamical  effects  of  volcanic  action,  but  also  of 
le  gradual  elevation  of  continents,  and  of  chains  of  monn- 
ina  from  extended  fissures  ;  giving  rise  to  eruptions  of 
y%  mud,  boiling  water,  &c., — to  thermal  mineral  springs,  and 
lialations  of  steam,  carbonic-acid  gas,  sulphurous  vapours^ 
;., — and  the  production  of  various  rocks  and  minerals, 
the  earlier  ages  of  the  globe  the  phenomena  appear  to 
Te  been  of  greater  extent  and  in  a  higher  degree  of  inten 
•y  than  in  modern  times. 
8.    Eaetequjlkeb. — The  tremblings  or  vibrations  of  the 

•  See  p,  34 ;  Cosmos,  toL  i.  p.  \^1 
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solid  crust  of  the  globe,  denominated  Earthquakes,  are  ler 
tical,  horizontal,  or  gyratory  oscillations  of  the  land  rapidly 
succeeding  each  other ;  and  are  caused  by  the  expansiTe 
efforts  of  elastic  fluids  confined  in  subterraneous  canties. 
The  craters  of  volcanos  are  the  v^ats  through  which  the  im- 
prisoned gases  and  yapours,  and  the  incandescent  mineral 
matter,  force  their  way  to  the  surface :  they  are,  in  fact,  tbe 
safety-valves  of  the  vast  res^voirs  of  gaseous  elements  whidi 
are  contained  in  the  profound  depths  of  the  earth.  Hence, 
if  the  action  of  a  volcano  be  impeded,  earthquakes  are  com* 
monly  induced,  and  the  equilibrium  of  the  land  is  not 
restored  until  the  crater  resumes  its  activity,  or  the  impri- 
soned gases  escape  through  other  channels.*  A  column  of 
smoke  which  was  seen  for  some  months  to  rise  f^ym  the  vol- 
cano of  Fasto  in  South  America  suddenly  disappeared,  when, 
on  the  4th  of  February,  1797,  the  province  of  Quito,  192 
miles  to  the  southward,  was  visited  by  the  great  earthquake 
of  Eiobamba.t 

The  focus  of  volcanic  action  must  be  at  an  immense  dis- 
tance from  the  earth's  surface,  though  no  rational  conjecture 
can  be  formed  either  of  its  depth  or  of  the  chemical  nature 
of  the  compressed  fluids :  but  the  vast  areas  over  which  the 
undulations  sometimes  extend  are  proofs  of  the  tremendous 
power  of  these  subterranean  forces. 

4.  Ei.ETnQUAKE  OF  Lisbon. — The  earthquake  of  Lisbon, 
in  1775,  which  suddenly  destroyed  60,000  persons,  was  tbe 
most  extensively  felt  of  any  on  record.  Its  effects  were 
perceived  over  the  whole  of  Europe,  the  North  of  Airica, 
and  in  the  West  Indies :  and  it  is  computed  that  a  portion 
of  the  earth's  surface  four  times  the  extent  of  Europe  was 
simultaneously  affected.  The  enormous  undulations  of  the 
sea  by  which  it  was  followed,  and  that  swept  along  the 

♦  The  explosion  of  a  steam-boiler  from  the  closure  of  the  safety  valve 
is  a  familiar  example  of  this  phenomenon. 
f  UumholdVs  Cosmos,  \ol.  \.  ^.  211. 
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coasts  of  Spain,  Portugal,  and  AMca,  are  supposed  to  have 
tosen  from  the  sudden  upheaval  or  subsidence  of  a  vast  area 
of  the  bed  of  the  Atlantic  Ocean,  beneath  which  the  prin- 
<^pal  focus  of  the  subterranean  disturbance  appeared  to  be 
situated.     The  effects  of  this  earthquake  were  felt  in  many 
psHB  of  England,  Scotland,  and  Ireland,  and  even  as  far  as 
Korwrajr :  the  waves  occasioned  by  the  concussion  reached 
our  southern  shores  ;  and  the  waters  of  Loch  Ness,  and  of 
other  inland  lakes  (at  Salzungen,  for  instance),  were  simul- 
taneously agitated.     Even  the  thermal  springs  of  countries 
demote  from  the  catastrophe  were  affected ;  those  at  Top- 
litz  in  Bohemia,  which  for  centuries  had  flowed  in  a  pure 
and  equal  stream,  suddenly  ceased,  and  then  burst  forth  in 
a  flood  of  turbid  water  of  a  very  high  temperature. 

Humboldt  remarks,  that  it  is  probable  that  the  earth's 
surface  is  always  distiu-bed  at  some  one  point,  and  that  it  is 
incessantly  affected  by  the  reaction  of  the  interior  against 
the  exterior.  The  permanent  elevation  of  extensive  tracts  by 
earthquakes  sometimes  take  place  ;  as  on  the  coast  of  Chili, 
in  1822  (p.  112),  and  in  New  Zealand,  1855  ;  and  they  are 
often  accompanied  with  eruptions  of  mud,  steam,  hot  water, 
carbonic  acid  gas,  and  other  elastic  fluids 

The  present  grand  European  centre  of  volcanic  action  is 
in  Southern  Italy,  which  has  for  ages  been  in  a  state  of 
energy ;  Etna,  Vesuvius,  and  the  Lipari  Isles  being  the  vents 
through  which  the  incandescent  materials  have  escaped. 

5.  The  Phlege^an  Eields  and  Ltpaei  Isles. — The 
volcanic  region  of  Naples  consists  of  a  linear  group  of  cones, 
ranging  N.E.  and  S.W.,  and  terminating  at  its  extremities 
by  the  two  principal  mountains,  Ischia  and  Vesuvius ;  the 
latter  seems  to  be  connected  by  the  intervention  of  minor 
vents  with  the  group  of  Albano  and  of  Eome ;  the  seven 
liills  of  the  Eternal  City  being  for  the  most  part  volcanic 
mounds.* 
•  Mr.  G,  Poulett  Scrope,  Geol.  Trans,  ^d  bci.noVyl.'^.^JSI.  "Vsw*^ 
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The  district  of  Puzzuoli  and  Cumae,  on  the  Bays  of  Baiee  and  Naples, 
is  called  the  Phlegraean  Fields,  and  in  it  are  situated  Monte  Nuoto, 
Monte  Barbaro,  the  Solfatara,  and  the  Temple  of  Serapis.  This  tract 
presents  a  series  of  cones  and  crateriform  basins  ;  some  of  which  contain 
lakes,  as  those  of  Avemus  and  the  Lucrine.  These  volcanic  mounds  are 
formed  of  felspathic  tufa,  occasionally  containing  marine  shells  and  ca^ 
bonized  wood,  and -are  covered  by  beds  of  loose  tufaceous  conglomerate. 
They  are  supposed  by  Mr.  Scrope  to  have  been  produced  by  numerous 
submarine  eruptions,  each  from  a  fresh  focus,  on  a  shallow  shore.* 

The  volcanic  cone  termed  the  Solfatara,  so  well  known  from  its  in- 
cessant emission  of  torrents  of  aqueous  and  sulphurous  vapour,  throuf^ 
superficial  fissures,  is  recorded  as  having  been  in  a  state  of  activity  in  the 
year  a.d.  1180.  Mr.  Scrope  supposes  the  present  crater  to  have  been 
formed  at  that  period ;  and  he  attributes  the  constant  emanations  of 
sulphuretted  hydrogen  to  the  effect  of  a  mass  of  lava  still  existing  be- 
neath at  an  intense  temperature.  The  chemical  changes  effected  by  the 
immediate  conversion  of  this  gas  into  sulphuric  acid,  from  combbation 
with  the  oxygen  of  the  atmosphere,  and  the  subsequent  action  of  the  acid 
on  the  tufas,  trachytes,  &c.,  giving  rise  to  sulphates  of  alumine,  iron, 
lime,  magnesia,  soda,  &c.,  while  the  silex  is  left  nearly  pure  in  the  state 
of  a  white  earthy  powder,  are  in  the  highest  degree  interesting,  t 

The  earthquakes  of  1538,  which  were  followed  by  an  eruption  of  mud, 
pumice-stone,  and  ashes  that  burst  forth  from  a  gulf  near  the  to^v^  of 
Tripergola,  and  formed  the  volcanic  mound  called  Monte  Nuovo,  and  by 
the  permanent  elevation  of  the  coast  to  beyond  Puzzuoli,  were  mentioned 
in  a  former  Lecture  Cp«  108). J 

Quart.  Journ.  Geol.  Soc.  vol.  vi.  p.  281,  &c.,  is  a  most  interesting  paper 
by  Sir  R.  Murchison, "  On  the  Earlier  Volcanic  Rocks  of  the  Papal  States," 
referring  to  the  labours  of  Italian  geologists,  and  especially  treating  of  the 
tracts  north  of  Rome, — the  travertines,  past  and  present, — the  volcanic 
rocks  of  Latium, — and  lastly,  the  probably  subaqueous  origin  of  these 
volcanic  ejectamenta  and  craters,  and  their  elucidation  of  some  points  in 
the  history  of  "  craters  of  elevation." 

*  Scrope  on  Volcanos,  p.  179. 

t  Geol.  Trans.  2nd  ser.  vol.  ii.  p.  345.  See  also  above,  vol.  i.  p.  76f 
and  Sir  H.  Davy's  remarks  on  the  Lake  of  the  Solfatara,  Appendix  to 
vol.  i.  p.  463. 

X  A  letter  on  the  formation  of  Monte  Nuovo,  by  an  eye-witness,  is  still 
extant :  a  translation  of  it,  by  Mr.  Leonard  Homer,  is  published  in  the 
Quarterly  Journal  of  the  Geological  Society  of  London,  vol  iii.  part  2, 
3/isceJ].,p.  19. 
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The  Lipari  Isles,  between  Naples  and  Sicily,  lying,  as  it  were,  mid- 
way between  Vesuvius  and  Etna,  present  a  character  very  analogous  to 
the  district  above  described.  The  crater  of  one  of  the  islands,  Strom- 
boli,  has  been  in  constant  activity  from  the  earliest  historical  period. 
It  always  contains  melted  lava  in  constant  motion,  and  at  uncertain  in- 
tervals the  molten  mass  suddenly  rises,  and  large  bubbles  appear,  which, 
upon  reaching  to  the  brim  of  the  crater,  explode  with  a  sound  resembling 
thunder,  and  masses  of  lava,  with  dust  and  smoke,  are  thrown  into  the 
air ;  the  incandescent  fluid  then  sinks  down  to  its  former  level.* 

The  cliffs  of  St.  Calogero,  which  are  about  two  hundred  feet  high, 
and  extend  four  or  five  miles  along  the  coast,  consist  of  horizontal  beds 
of  volcanic- tuff.  From  the  perennial  emanation  of  sulphurous  vapours, 
the  rocks  are  decomposed ;  alum,  gypsum,  and  other  sulphuric  salts  are 
formed,  as  well  as  muriate  of  ammonia  and  silky  crystals  of  boracic 
acid.  The  dark  clays  have  become  yellow,  white,  red,  pink,  &c.,  and 
marked  with  stripes  of  various  colours,  from  the  gaseous  emanations  that 
are  constantly  issuing  from  beneath :  these  mottled  clays  strikingly  re- 
semble in  appearance  the  variegated  strata  of  the  Trias  (p.  544).  Veins 
of  chalcedony  and  opal  occur,  and  pumice-stone  and  obsidian  are  abund- 
ant. Dykes  and  veins  of  trachyte  intersect  the  tuff  in  every  direction 
{Lign,  197,  Jiff,  1),  like  the  intrusions  of  trap  in  the  ancient  sedimentary 
formations. 

6.  IscHii.  AJH)  Vesutiits. — The  celebrated  mountain  of 
Vesuvius  is  about  four  thousand  feet  high,  and  its  crest  is 
now  broken  and  irregular ;  but  when  Northern  Italy  was 
first  colonized  by  the  Q-reeks,  "  its  cone  was  of  a  regular  form, 
with  a  flattish  summit,  where  the  remains  of  an  ancient 
crater,  nearly  filled  up,  had  left  a  slight  depression,  covered 
in  its  interior  by  wild  vines,  and  with  a  sterile  plain  at  the 
bottom."  From  the  earliest  period  to  which  tradition  refers, 
to  the  first  century  of  the  Christian  era,  this  mountain  was 
in  a  dormant  state,  and  the  neighbouring  isles  of  Ischia  and 
Procida  were  the  theatres  of  constant  explosions  and  earth- 
quakes. The  early  Q-reek  colonists  who  attempted  a  settle- 
ment were  obliged  to  abandon  the  territory,  in  consequence 
of  the  frequency  and  violence  of  the  subterranean  move- 
ments. 

•  Sp&Jlanzuu;  Scrope  "  On  'VoVcaxioa"  ^.  \^. 
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hefUa, — Bat  subsequently  to  the  great  outburst  of  ViasaTins,  lochia 
has  been  almost  entirely  dormant ;  and  it  is  therefdre  inferred  that  the 
latter  volcano  was  the  rent  through  which  the  elastic  fluids  and  incan- 
descent materials  of  the  subterranean  fires  of  Italy  escaped  before  Vesu- 
vius resumed  its  activity.  Ischia  has  numerous  cones ;  the  central  end, 
Epomeo,  is  2600  feet  high,  and  has  traces  of  two  large  craters  on  its 
summit.  This  mountain  appears  to  have  been  submarine  at  its  origin, 
but,  since  its  elevation  above  the  sea,  other  eruptions  hare  burst  out  at 
various  points ;  and  a  lava-stream  that  issued  from  its  base  is  still  arid, 
and  covered  in  parts  with  cinders  and  scoris.  The  materials  erupted  by 
the  cones  of  Ischia  are,  for  the  most  part,  trachytes  or  fel^iathic  lavas. 

Vesuviiu. — In  the  year  63  of  the  Christian  era,  Vesuvius  exhibited  the 
first  symptom  of  internal  change,  in  an  earthquake  which  occasioned 
considerable  damage  to  many  neighbouring  cities,  and  of  whose  effects 
traces  may  yet  be  witnessed  among  the  interesting  memorials  of  the 
awful  catastrophe  which  soon  afterwards  took  place.*  After  tills  event, 
slight  shocks  of  earthquakes  were  frequent,  when  on  the  24th  of  Augiist, 
in  the  year  79,  a  tremendous  eruption  of  the  long  pent-up  incandescent 
materials  of  the  volcano  burst  forth,  and  spread  destruction  over  the 
surrounding  Country,  overwhelming  three  cities,  with  many  of  their  in- 
habitants, and  burying  all  traces  of  their  existence  beneath  immense  ac* 
cumulations  of  ashes,  sand,  and  scoriee.  All  the  fearful  circumstances 
connected  with  this  event,  and  the  attendant  physical  phenomena,  are  so 
well  known,  that  it  is  unnecessary  to  dwell  upon  the  subject. 

From  that  period  to  the  present  time,  the  internal  fires  of  Italy  hare 
resumed  their  ancient  focus,  and  Vesuvius,  with  occasional  periods  of 
tranquillity,  has  been  more  or  less  energetic. f 

7.  Structube  of  Volc  Ainxi  Mottnti.ins.— As  the  present 
active  volcanos  for  the  most  part  emit  streams  of  lava, 
showers  of  ashes,  cinders,  and  scoriae,  and  floods  of  mud  or 
tuff,  their  cones  consist  of  erupted  materials  disposed  more 
or  less  concentrically ;  and  where  sections  are  exposed,  the 
beds  have  what  is  called  a  qud-qud-versal  dip ;  that  is,  they 
regulariy  incline  on  every  side  of  the  mountain.  These  are 
termed  Cruters  of  Erwption  ;  they  consist  of  successive  strata 

*  Daubeny  on  Volcanos,  2nd  edit.  p.  220. 

f  For  a  sketch  of  the  hialorj  ol  NesvjiVva&^^ee  Scrope,  Quart.  Joum. 
O^i  8oc.  vol.  xii.  p.  337. 
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of  volcanic  matter  poured  out  from  a  fissure  or  vent,  com* 
municating  with  the  deep-seated  focus  of  igneous  action. 

The  central  crater  of  another  class  of  volcanic  mountains 
is  formed  of  preexisting  horizontal  rocks  and  strata,  that 
have  been  forced  into  highly  inclined  positions  by  a  sudden 
and  violent  upburst  of  incandescent  mineral  matter,  or  by 
the  expansion  of  elastic  vapours.  A  dome  or  cone  is  thus 
produced,  with  a  central  opening,  around  which  the  uplifted 
strata  are  concentrically  arranged  ;  being  covered  to  a  greater 
or  less  extent  by  the  materials  poured  out  by  subsequent 
eruptions*  These  have  been  termed  Craters  of  Elevation,  by 
Von  Buch.  The  structure  of  such  volcanic  mountains  will 
be  readily  understood  by  referring  to  the  sections  of  the 
Wren's  Nest  (p.  811),  and  of  Crich  Hill,  near  Matlock  (p. 
699),  both  of  which  are  examples  of  originally  horizontal 
strata  elevated  into  a  dome  by  a  protrusion  of  volcanic  matter. 
K  in  either  of  these  instances  the  upheaving  force  had  been 
sufficient  to  propel  the  trap  through  the  middle  of  the  dome, 
a  crater  of  elevation  would  have  been  formed,  through  which 
the  igneous  matter  would  have  escaped.  It  is  by  a  move- 
ment of  this  kind,  as  we  have  already  had  occasion  to  explain, 
that  valleys  of  elevation  have  been  produced  (p.  818). 

From  Mr.  Scrope's  observations*  on  the  structure  of 
Vesuvius  we  obtain  the  following  general  sketch  of  the 
character  of  Vesuvius  and  of  its  older  form,  as  Somma ; 
and  this  will  serve  to  explain  the  formation  of  craters  of 
eruption  :— 

YesuTius  is  an  exceedingly  regular  mountain  on  a  small  scale.  All 
the  visible  lavas,  and  the  greater  part  of  the  conglomerates,  are  basaltic ; 
and»  owing  to  the  great  fluidity  of  lavas  of  this  mineral  character,  they 
have,  when  produced  from  the  common  vent,  taken  their  course  in  spread- 
ing sheets  down  the  outer  slope  of  the  mountain ;  while  the  scoriae  and 
fragmentary  substances,  projected  at  the  same  time  into  the  air,  were 

•  Geol  Trans.  2nd  ser.  vol,  ii.^.  ^S». 
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spread  pretty  evenly  over  them  ;  so  that  the  result  of  successire  erup- 
tions of  this  kind  has  been  the  formation  of  a  regularly  conical  moun- 
tain, -with  a  gradually  diminishing  slope  on  all  sides,  from  the  central 
heights  to  the  plain  around ;  exhibiting  in  the  ravines  that  furrow  its 
sides,  as  well  as  in  the  abrupt  sections  afforded  by  the  walls  of  the  great 
crater,  its  composition  of  repeatedly  alternating  beds  of  basalt  and  basaltic 
conglomerates,  more  or  less  irregular  in  thickness,  but  dipping  uniformly 
on  all  sides  away  from  the  vent,  with  an  inclination  corresponding  exactly 
to  the  external  slopes  of  the  mountain. 

The  eruptions  of  Vesuvius  seem  very  rarely  to  have  taken  place  from 
any  other  than  the  central  vent ;  a  few  small  coqes  immediately  above 
Torre  del  Greco,  thrown  up  in  1794,  and  the  cone  on  which  the  Camaldoli 
della  Torre  is  built,  are  the  only  indications  of  explosions  having  burst 
from  the  sides  of  the  mountain.  The  vast  number  of  vertical  basaltic 
dykes  which  intersect  the  horizontal  beds  observable  in  the  broken  cliffs 
of  the  old  crater  (Atrio  del  Cavallo)  bear  witness,  however,  that  the  lava 
was  not  so  frequently  elevated  to  the  summit  of  the  mountain,  without 
occasioning  numberless  cracks  and  rents  in  its  internal  structure.  There 
is  great  reason  to  conclude  that  the  old  crater  of  Somma,  whose  steep 
walls  now  half  encircle  the  cone  of  Vesuvius,  was  formed  by  the  cele- 
brated eruption  of  the  year  79,  which  occasioned  the  death  of  the  elder 
Pliny,  and  buried  Herculaneum,  Pompeii,  and  Stabiae  beneath  a  bed  of 
ashes  and  fragmentary  scoriae,  &c.,from  thirty  to  one  hundred  feet  in 
thickness. 

8.  YoLCANic  Products.* — Before  we  pass  to  the  con- 
sideration of  the  phenomena  attendant  on  a  volcanic  erup- 
tion, we  will  examine  some  of  the  principal  minerals  which 
enter  into  the  composition  of  the  lavas  and  other  substances 
ejected  from  volcanos. 

Lava  is  a  term  applied  to  any  mineral  matter,  liquefied  by  heat,  that 
has  issued  in  a  stream  or  current  from  a  volcanic  aperture :  when  con- 
solidated by  cooling,  it  may  consist  either  of  scoriae,  pumice,  obsidian, 
trachyte,  basalt,  &c.,  according  to  its  mineral  composition,  and  its  slow 
or  rapid  refrigeration.  The  greater  or  less  degree  of  pressure  under 
which  the  solidification  either  of  liquid  or  merely  softened  mineral  sub- 
stances takes  place — as,  for  example,  in  the  open  air,  or  at  the  bottom  of 
the  sea,  or  in  deep-seated  subterranean  cavities — appears  to  be  the  priii- 
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cipal  cause  of  the  difference  between  the  ancient  plutonic  and  the  modern 
volcanic  rocks.* 

Among  the  products  of  modem  volcanos  five  of  the  metals  occur ; 
namely,  iron,  copper,  lead,  arsenic,  and  titanium ;  besides  selenium,  boron, 
&c.  The  number  of  simple  minerals  found  in  the  rocks  of  Vesuvius  amounts 
to  at  least  400  species ;  and  many  of  them  are  of  great  beauty.  Specular 
iron  is  common  in  the  cavities  of  the  hard  lavas.  In  some  of  the  ancient 
Vesuvian  lavas  there  are  decided  indications  of  a  concretional  and  pris- 
matic structure,  and  a  tendency  to  divide  into  columns,  like  the  basaltic 
rocks. 

Aqueous  vapours  are  emitted  in  abundance  from  volcanos,  and  often 
from  their  condensation  give  rise  to  copious  springs.  The  gaseous  eman- 
ations from  the  fumaroles,  or  lesser  vents,  frequently  contain  chlorides 
of  lead,  iron,  copper,  ammonia,  soda,  &c. 

The  lofty  volcanic  peaks  which  reach  far  above  the  limits  of  perpetual 
snow,  as  those  of  the  Andes  {Cotopaxi,  which  is  19,070  feet  high),  are 
frequently  the  cause  of  frightful  inundations  from  the  sudden  melting  of 
the  snow,  occasioned  by  the  evolution  of  heat  during  an  eruption.  Torrents 
of  water,  bearing  along  both  heated  masses  of  scoriae  and  blocks  of  ice^ 
rush  down  the  sides  of  the  mountains,  and  overwhelm  the  plains  below. 
Water  from  the  melted  snow  is  also  continually  finding  its  way  into  the 
hollows  and  fissures  of  the  trachytic  rocks,  and  vast  subterranean  lakes 
are  thus  formed  in  the  interior  of  the  volcanic  mass :  and  when  these  re- 
servoirs are  burst  open  by  the  earthquakes  that  precede  eruptions,  water 
and  tufaceous  mud,  not  unfrequently  accompanied  with  swarms  of  fishes 
that  inhabited  the  internal  pools,  are  ejected  with  great  violence. 

The  chief  constituents  of  lavas  are  the  substances  termed  felspar  and 
tMffUe,  and  the  lavas  are  classed  according  as  either  of  these  ingredients 
predominates.  When  the  felspar  prevails,  the  mass  is  called  Trachyte, 
which  is  generally  of  a  coarse  grain,  with  a  harshness  of  texture,  and  a 
considerable  degree  of  porosity;  when  the  grain  is  fine  and  compact, 
but  irregular,  it  constitutes  Trachytic  porphyry ;  when  the  particles  are 
BO  fused  as  to  have  a  resinous  or  glassy  texture,  it  forms  Pitchstone  and 
Obsidian,  If  augite  constitute  a  large  proportion  of  a  rock,  it  is  termed 
BtuaU  ;  Dolerite  is  another  rock  of  the  same  class. 

The  lavas  ejected  from  Vesuvius  present  considerable  variety  of  ap- 
pearance and  composition:  they  occur  in  the  state  of  pumice-stone, — 
vesicular  scoriee,  that  is,  cinders  full  of  hollow  cells, — and  compact  heavy 
masses  of  molten  rock,  which  are  sometimes  spotted  internally  with  red, 
yellow,  and  grey.  Mica  occurs  plentifully  in  some  recent  trachytes^  but 
crystallized  quartz  and  hornblende,  so  abundant  *m  ^twiVVft^wfe  ^^\x«a^^ 

•  Humboldt. 
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rare.  Pumice  is  supposed  to  be  produced  by  a  considemble  disengage- 
ment of  vapour  having  taken  place  while  the  lava  was  in  a  plastic,  but 
not  entirely  in  a  fluid  state;  the  escape  of  the  gaseous  matter  giving  rise 
to  the  porous  structure  of  this  mineral.  Dolomieu  obeerras,  that  oo* 
kind  of  pumice  seems  to  be  derived  from  the  fusion  of  granite,  since  it 
contains  fragments  of  quarta,  mica,  and  felspar*  and  that,  when  such, 
fragments  were  exposed  to  heat*  they  were  converted  into  a  substance 
resembling  the  surrounding  pumice. 

9.  Lata-citeeents,  Dtkeb,  lsd  Vbins.*^— Ab  the  aspect 
and  nature  of  lava-currents  will  be  easily  comprehended  bj 
the  descriptions  of  volcanic  eruptions  which  I  shall  presently 
place  before  you,  it  will  suffice  to  mention  in  this  place,  that 
the  appearance  of  lava  in  motion  is  tbat  of  a  sluggish  viscid 
stream  loaded  with  red-hot  cinders,  ashes,  and  detached  frag- 
ments of  rocks,  rolling  one  over  the  other,  and  producing  a 
loud  crackling  noise. 

Captain  Basil  Hall  aptly  compares  the  movements  of  a  lava-current  to 
that  of  a  glacier : — "  They  are  both,"  he  observes,  "  more  or  less,  frozen 
or  half-congealed  rivers ;  they  both  obey  the  law  of  gravitation  with  great 
reluctance,  being  essentially  so  sluggish,  that,  although  they  move  along 
the  bottoms  of  valleys  with  a  force  well-nigh  irresistible,  yet  their  motion 
is  sometimes  scarcely  perceptible.  Both  glaciers  and  lava*streams,  by 
occasionally  acting  the  part  of  huge  dams  across  valleys  and  ravines,  cause 
immense  accumulations  of  water  ;  it  is  true  these  barriers  are  more  fragile 
in  the  case  of  glaciers,  and  the  consequences  are  therefore  the  more  de- 
structive." f 

The  effects  produced  by  lava-currents,  and  their  rate  of  progress,  de- 
pend of  course  on  their  degree  of  incandescence  and  fluidity.  When  the 
molten  mass  first  issues,  it  appears  like  a  stream  of  fire,  but  the  surface 
quickly  acquires  a  rough  scum,  or  crust,  which  soon  thickens,  and  is 
broken  into  angular  pieces  by  the  onward  motion  of  the  fluid  beneath. 
In  this  condition  it  appears  like  melted  iron  or  copper ;  and,  if  a  stick  be 
thrust  in,  large  semifluid  masses  adhere,  and  may  be  removed  ;  and  coins 
or  other  articles  may  be  plunged  in,  and  will  remain  permanently  imbed- 
ded when  the  lava  cools.  % 

Lava- currents  from  Vesuvius  have  flowed  a  mile  and  a  half  in  fourteen 

*  See  Lyell's  "  Manual,"  chapter  29,  for  details  and  illustrations. 
f  "Patchwork,"  by  CaplA\xiBa.a\\U^\\,^QV,\ii,  ^.153. 
t  Persons  visiting  VeduViua  ^'Biveti^\::j  Vm^wivi  «siOa.Tsi^"\sx^^^ 
'Hsent  to  its  crater. 
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minutes ;  others  have  reached  the  sea  in  three  hours  from  the  summit 
of  the  mountain,  a  distance  of  3200  yards.  The  stream  which  destroyed 
Catania,  in  1669,  was  fourteen  miles  long  and  five  wide.  In  Etna,  cur- 
rents have  been  traced  forty  miles  in  length ;  and  a  stream  that  issued 
from  Mount  Hecla,  in  Iceland,  is  computed  at  ninety-four  miles  in 
length,  and  fifty  in  its  greatest  breadth ;  and  its  depth,  where  there  were 
obstacles  to  its  progress,  was  in  some  places  several  hundred  feet. , 

Lava-currents  retain  a  high  temperature  for  a  long  period ;  some  have 
been  observed  to  flow  slowly  ten  years  alter  their  eruption.  A  mass  of 
lava  on  the  flanks  of  Vesuvius  ignited  wood  thrust  into  it  four  years 
after  its  motion  had  ceased. 

The  cooled  lavas  and  other  mineral  products  which  form  the  great 
mass  of  a  volcanic  mountain  are  rent  and  torn  by  the  earthquakes  which 
generally  precede  every  fresh  eruption ;  and  these  fissures  and  chasms 
become  filled  by  subsequent  injections  of  molten  rock.  In  this  manner 
djrkes  and  veins  are  formed  in  the  trachytic  and  scoriaceous  masses  of 
Vesuvius,  Etna,  and  other  active  volcanos  {Lign,  198),  resembling  on  a 
small  scale  the  intrusive  trap-dykes  in  the  ancient  strata,  of  which  we 
have  already  noticed  many  examples. 


1  8 

LIOM.  198-- DTXS8  AND  VBIMI  IM  LAVA. 

Pig.  1.  Veins  and  dyket  of  slaggy  lara  in  rolcanic  tuff;  StrombolL 
.—     S.  Lara-dykea  in  scorisB  and  land ;  Etna. 

The  loose  sand,  scorisB,  and  ashes  which  have  been  either  wafted  by 
the  winds  and  fallen  into  the  sea,  or  washed  down  by  torrents  on  the 
plains,  become  agglutinated  together  and  form  an  earthy  conglomerate, 
which  is  termed  volcanic  tuff.  This  substance  is  frequently  traversed 
by  veins  and  dykes  of  lava,  thrown  up  by  subsequent  eruptions.  It  often 
happens  that  the  beds  thus  permeated,  being  formed  of  materials  that 
readily  decompose,  are  partially  or  wholly  worn  away,  while  the  durable 
intruded  dykes  remain,  and  stand  out  in  relief,  Bome\Am«&iattMa%^«CCx^^ 
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-walls  or  buttresses,  of  great  thickness  and  extent ;  of  which  the  celebrated 
Val  del  Bove,  of  Etna,  to  be  noticed  in  the  sequel,  affords  some  of  tlw 
most  remarkable  examples. 

10.  Eextptioits  or  Vesuvius. — In  the  early  periods  of 
activity,  violent  gaseous  explosions,  with  showers  of  scoris, 
ashes,  and  sand,  characterized  the  eruptions  of  YesuviuB;* 
but  since  the  existence  of  the  present  crater  lava-currents 
have  generally  been  ejected.  The  appearance  of  an  ordi- 
nary eruption,  seen  by  night,  has  been  thus  picturesquely 
described  by  a  traveller : — 

"  It  was  about  half-past  ten  when  we  reached  the  foot 
of  the  craters,  which  were  both  tremendously  agitated ;  tb6 
great  vent  threw  up  immense  columns  of  fire,  mingled  with 
the  blackest  smoke  and  sand.     Each  explosion  was  preceded 
by  a  bellowing  noise,  like  thunder,  in  the  interior  of  the 
mountain.     The  smaller  vent  was  the  most  active ;  and  the 
explosions  followed  each  other  so  rapidly  that  we  could 
not  count  three  seconds  between  them.     The  stones  which 
were  emitted  were  fourteen  seconds  in  falling  back  to  the 
crater ;  consequently,  there  were  always  the  discharge  of 
five  or  six  explosions — sometimes   more  than  twenty — in 
the  air  at  once.     These  stones  were  thrown  up  perpendica-" 
larly,  in  the  shape  of  a  wide-spreading  sheaf,  producing  th© 
most  magnificent  effect  imaginable.     The  smallest  stoneB 
appeared  to  be  of  the  size  of  cannon-balls ;  the  greater  wer© 
like  bomb-shells  ;  but  others  were  pieces  of  rock,  five  or  bIX 
cubic  feet  in  size,  and  some  of  the  most  enormous  dimensions  ' 
the  latter  generally  fell  on  the  ridge  of  the  crater,  and  rolled 
down  its  sides,  splitting  into  fragments  as  they  struck  against 
the  hard  and  cutting  masses  of  cold  lava.   The  smoke  emitted 
by  the  smaller  cone  was  white,  and  its  appearance  incon- 
ceivably  grand  and  beautiful ;  but  the  other  crater,  though 

♦  The  craters  of  Auvergne',  (vol.  i.  p.  272),  that  exhibit  no  traces  of 
lava-currenis,  are  also  supposed  to  have  been  produced  by  explosions. 
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less  active,  was  much  more  terrible ;  and  the  thick  blackness 
of  its  gigantic  volumes  of  smoke  partly  concealed  the  fire 
which  it  vomited.  Both  vents  occasionally  burst  forth  at  the 
same  instant,  and  with  the  most  tremendous  fury,  the  ejected 
stones  intermingling  in  the  air. 

"  If  any  person  could  accurately  fancy  the  effect  of 
600,000  sky-rockets  darting  up  at  once  to  a  height  of  three 
or  four  thousand  feet,  and  then  falling  back  in  the  shape  of 
red-hot  balls,  shells,  and  large  rocks  of  fire,  he  might  have 
an  i^ea  of  a  single  explosion  of  this  burning  mountain  ;  but 
it  is  doubtful  whether  any  imagination  can  conceive  the 
effect  of  one  hundred  of  such  explosions  in  the  space  of  five 
minutes,  or  of  twelve  hundred  or  more  in  the  course  of  an 
hour,  as  we  saw  them !  Tet  this  was  only  a  part  of  the  sub- 
lime spectacle  before  us. 

"On  emerging  from  the  darkness,  occasioned  by  the 
smaller  crater  being  hidden  by  the  large  one,  as  we  passed 
round  to  the  other  side  of  the  mountain,  we  found  the  whole 
scene  illuminated  by  the  river  of  lava,  which  gushed  out  of 
the  valley  formed  by  the  craters  and  the  hill  on  which  we 
now  stood.  The  fiery  current  was  narrow  at  its  source, 
apparently  not  more  than  a  few  feet  in  breadth ;  but  it 
quickly  widened,  and  soon  divided  into  two  streams,  one  of 
which  was  at  least  forty  feet  wide,  and  the  other  somewhat 
less :  between  them  was  a  sort  of  island,  below  which  they 
reunited  into  one  broad  river,  that  was  at  length  lost  sight 
of  in  the  deep  windings  and  ravines  of  the  mountain."  * 

In  an  eruption  witnessed  by  Sir  W.  Hamilton,  jets  of 
liquid  lava^  mingled  with  stones  and  scoriae,  were  thrown  up 
to  a  height  of  ten  thousand  feet. 

The  streams  of  lava,  which  issue  with  great  velocity,  are 
in  a  state  of  perfect  fusion ;  but  as  they  cool  on  the  surface, 
they  crack,  and  the  matter  becomes  vesicular  or  porous  ;  at 
a  considerable  distance  from  their  source,  the^  TQ»>^\s!^Vb  ^ 

*  From  the  Saturday  Ma^x\XL<d. 
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heap  of  scorisB,  or  cinders,  from  an  iron-foundry,  rolling  slowly 
along,  and  falling,  with  a  rattling  noise,  one  over  the  other. 

The  eruptions  of  Vesuvius,  its  cones  and  craters,  and  the  still  older 
and  partly  encircling  crater  of  Somma,  have  afforded  continuous  aiid  im- 
portant lessons  to  geologists  as  to  the  mode  of  action  and  nature  of  toI- 
canic  forces.   In  1856,  Mr.  Poulett  Scrope  read  before  the  Geological  So- 
ciety a  very  interesting  and  instructive  r^sum^  of  his  views  on  the  mode 
of  production  of  volcanic  craters,  and  on  the  nature  of  the  liquidity  of 
lavas,  mainly  illustrated  by  the  Vesuvian  phenomena,  and  originally  ad- 
vanced in  his  work  on  Volcanos  in  1824.    In  the  Memoir  referred  to, 
the  first  pomt  insisted  on  is  the  formation  of  ail  volcanic  cones  and 
craters  by  the  simple  process  observed  in  habitually  active  volcanos, 
namely,  the  eruptive  ejection  of  lavas  and   fragmentary  matter  from 
a  volcanic  vent ;    the  accumulation  of  which  around  it  cannot  fail  to 
give  rise  to  the  cone-shaped  mountain  so  characteristic  of  a  volcano,  and 
to  the  crater  usually  contained  in  it.   The  author  showed,  by  the  history 
of  Vesuvius,  that  the  cone  of  that  mountain  has,  within  the  last  hundred 
years,  been  at  least  five  several  times  emptied  by  explosions  of  a  paroxysm- 
al character,  and  as  often  refilled  by  the  products  of  subsequent  minor 
eruptions  ;  while  throughout  this  time  the  exterior  of  the  cone  has  been 
gradually  increasing  in  bulk,  and  the  old  crater  of  Somma  as  gradually 
being  filled  up,  by  accretions  from  the  volcanic  matter  ejected  beyond 
the  lip  of  the  Vesuvian  crater.     He  refuses  to  believe  that  any  other  pro- 
cess originally  formed  the  outer  cone  and  crater  of  Somma,  than  that 
M'hich  he  and  others  have  seen  to  be  continually  augmenting  the  inner 
cone  of  Vesuvius,  and  which  before  his  eyes  in  1822  scooped  out  of  i^ 
heart  a  crater  concentric  to  that  of  Somma,  three  miles  in  circumference,    , 
and  some  2000  feet  in  depth.     And  generally  of  other  great  craters,  an-    ' 
cient  or  modem,  such  as  Palma,  Santorini,  the  Val  del  Bove,  &c.,  he 
considers,  that  no  argument  in  favour  of  their  having  any  other  vtwn  a 
similarly  '•  eruptive"  origin   can  be   derived  from  the  fact  of  their di-    ; 
mensions  exceeding  those  of  the  crater  of  Vesuvius.     The  authentic 
accounts  of  enormous  quantities  of  ejected  pumice,  scorice,  or  ashes 
thrown  out  by  many  eruptions  from  Polynesian  or  American  volcanos, 
reaching  to  distances  of  above  a  thousand  miles,  and  of  course  spreading 
over  the  whole  intermediate  space,  to  a  thickness  sometimes  of  10  or  12 
feet  at  more  than  twenty-five    miles   from  the  volcano,  would  amply 
account  for  the  dispersion,  by  explosive  eruptions,  of  the  contents  of  the 
largest  craters  ever  observed. 

At  the  same  time  the  author  guards  himself  from  being  supposed  to 
have  ever  denied  that  some  amount  of  elevation  has  taken  place  i:i  the 
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external  cone  of  a  volcano  through  the  occasional  injection  of  lava  from 
within  into  rents  broken  across  its  framework,  and  hardened  into  dykes, 
which  may  be  called  a  process  of  gradual  distension.  This,  in  fact,  was 
suggested  by  him  in  1824.  All  he  contends  against  is  the  theory  of 
Von  Buch,  that  volcanic  mountains  are  the  result  of  the  elevation  of 
nearly  horizontal  beds  of  lava  and  conglomerates  by  some  sudden  ex- 
pansion. He  maintains,  on  the  contrary,  that  the  growth  of  a  volcano 
by  accretion,  through  eruptive  ejections  on  the  exterior,  and  partial 
distension  from  within,  is  a  gradual,  though  intermittent,  normal  process, 
which  may  be  watched  almost  like  the  growth  of  a  tree. 

The  author  next  referred  to  the  opinion  published  by  him  in  1824, 
that  the  liquidity  of  the  stony  and  crystalline  lavas  (excluding  the  vitreous 
varieties)  at  the  time  of  their  protrusion  is  owing,  not  to  complete 
fusion,  but  to  the  entanglement  between  their  component  granular  or 
crystalline  particles  of  some  fluid,  chiefly  water,  at  an  intense  heat,  of 
course,  but  unvaporized  by  reason  of  the  extreme  pressure  to  which  they 
are  subjected  while  beneath  the  earth,  and  escaping  in  vast  bubbles  of 
steam,  when,  by  the  opening  of  a  fissure  of  escape,  its  discharge  is  per- 
mitted, and  also  by  a  kind  of  exudation  through  the  pores  and  crevices 
of  the  expelled  lavas  as  they  cool. 

The  author  originally  extended  this  theory  of  the  combination  of 
aqubous  with  igneous  agency  in  lavas  to  all  the  crystalline  plutonic  rocks, 
which  he  considered  to  be  derived  from  a  mass  existing  beneath  the  crust 
of  the  globe  under  the  above  circumstances,  in  a  state  of  extreme  tension, 
such  as  on  the  occurrence  of  any  sufficient  local  relaxation  of  the  re- 
straining pressure  from  above,  or  increase  of  temperature  from  within, 
must  occasion  its  partial  intumescence,  and  the  consequent  fracture  and 
elevation  of  the  overlying  rocks,  with  or  without  extravasations  of  the 
intumescent  crystalline  matter  through  rents,  in  the  form  either  of  vol- 
canic eruptions,  or  the  protrusion  of  the  granitoidal  axes  of  mountain - 
chains. 

These  ideas  on  the  character  of  the  liquidity  of  lavas  and  the  hy- 
'  pogene  crystalline  rocks,  promulgated  by  the  author  in  1824—1826,  were 
considered  unchemical  at  that  time,  and  little  regarded.  They  have, 
however,  of  late  been  reproduced  by  M.  Snheerer  of  Christiania,  and 
adopted  by  M.  Elie  de  Beaumont,  and  have  received  much  confirm- 
ation from  recent  researches  into  the  conduct  of  water  under  pressure 
at  high  temperatures,  its  power  of  taking  silex  into  solution,  &c. 

The  author  further  asks  the  attention  of  geologists  to  the  ideas  de- 
Feloped  by  him  in  the  same  early  work,  and  founded  on  actual  and 
careful  observations,  as  to  the  change  of  position  occajalonftd  isx  ObA 
component  crystaJg  of  a  matter  moying  Va  Oie  "oa^V^  ^mxa  >&b^^  «&>^ 
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buted  to  lavas  and  other  plutonic  rocks,  during  their  emission  or  ele- 
vation under  extreme  pressure.  He  produced  examples  from  the  rib- 
boned trachytes  and  pearlstones  of  Italy,  Hungary,  and  Mexico.  He 
considers  gneiss  to  be  granite  elongated  by  a  powerful  lateral  squeeze, 
probably  at  the  time  of  its  expulsion ;  and  mica-schist  to  be  the  extreme 
result  of  the  same  action  upon  the  lateral  bands  or  selvages  of  the  ex- 
truded mass  or  great  dyke.  This  he  thinks  a  more  probable  origin 
than  the  usual  metamorphic  theory  of  the  melting  and  reconsolidation 
of  sedimentary  strata,  though  the  one  does  not  wholly  exclude  the  other. 
A.t  all  events  he  considers  the  evidence  presented  in  the  peculiarities  of 
texture,  structure,  and  position  of  the  laminated  crystalline  rocks  to  be 
conclusive  as  to  their  having  been  squeezed,  flattened,  and  drawn  out  in 
the  direction  of  their  upcast,  and  attributes  this  process  to  the  same 
elevatory  movements  which  have  thrust  them  up,  and  often  forced  them 
into  wrinkled  foldings  on  the  grandest  as  well  as  on  the  most  minute 
scale.  To  this  same  rearrangement  of  their  crystalline  plates  or  flakes 
under  pressure  he  attributes  also  their  lamellar  cleavage.  He  refers  to 
Mr.  Sorby's  recent  papers  and  experiments  on  slaty  cleavage  as  con- 
firming these  views.  The  paper  ends  by  recommending  the  more  earnest 
study  of  the  dynamics  of  geology,  which  have  in  this  country  been  perhaps 
of  late  years  somewhat  neglected. 

11.  Heecflanefm  and  Pompeii. — We  have  above  de- 
scribed the  phenomena  attendant  on  the  modem  paroxysms 
of  Vesuvius:  but  this  celebrated  mountain  is  invested 
with  surpassing  interest,  from  the  wonderful  preserva- 
tion of  the  cities,  which  were  overwhelmed  by  its  first- 
recorded  eruption,  in  the  seventy-ninth  year  of  the  Chris- 
tian era. 

In  the  words  of  an  eloquent  writer,  "After  nearly  seven- 
teen centuries  had  rolled  away,  the  city  of  Pompeii  was 
disinterred  from  its  silent  tomb, — all  vivid  with  undimmed 
hues, — its  walls  fresh,  as  if  painted  yesterday, — not  a  tint 
faded  on  the  rich  mosaic  of  its  floors, — in  its  Forum  the 
half-finished  columns,  as  left  by  the  workman's  hand, — before 
the  trees  in  its  gardens  the  sacrificial  tripod, — in  its  halls 
the  chest  of  treasure, — ^in  its  baths  the  strigil, — in  its  theatres 
he  counter  of  admisaioii, — ^m  \^^  ^eXaoroa  t\\a  furniture  and 
e  lamp, — ^in  its  triclinia  t\i^  tei^cafiti\&  ^'l  '^^X^^^'lRa^;;- 
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in  its  cubieula  the  perfumes  and  the  rouge  of  faded  beauty, 
— and  everywhere,  the  skeletons  of  those  who  once  moved 
the  springs  of  that  minute  yet  gorgeous  machine  of  luxury 
and  of  life."* 

From  the  description  of  the  catastrophe  by  an  eye-witness, 
it  appears  that  this  outburst  of  Vesuvius  was  marked  by  a 
terrific  eruption  of  ashes  and  scoriae,  which,  borne  upwards 
by  vapours,  rose  in  an  immense  column,  and  is  described  by 
the  younger  Pliny,  in  his  letter  to  Tacitus,  as  resembling  a 
lofty  pine  spreading  out  at  its  summit  into  wide  shadowing 
branches :  t  and  then  followed  total  darkness,  occasioned 
by  the  descent  of  this  overwhelming  cloud  of  volcanic  matter, 
which  completed  the  destruction  of  the  devoted  cities,  and 
buried  Herculaneum,  Pompeii,  and  Stabiaa  beneath  an  ac- 
cumulation of  ashes,  cinders,  and  scoria,  to  a  depth  of  from 
sixty  to  one  hundred  and  twenty  feet. 

No  traces  have  been  perceived  of  lava-currents  or  of 
melted  matter ;  the  various  utensils  and  works  of  art,  as 
you  may  observe  in  the  Pompeiian  lamps,  vases,  beads,  and 

*  Sir  E.  Bulwer  Lytton's  "  Last  Days  of  Pompeii." 
t  The  elder  Pliny,  who,  at  the  time  of  this  outburst  of  Vesuvius,  held 
the  command  of  the  Roman  fleet,  stationed  at  Misenum — a  cape  or  head- 
land about  twice  the  distance  westward  from  the  volcano  as  the  city  of 
Naples, — in  his  anxiety  to  obtain  a  nearer  view  of  the  phenomenon,  feU 
a  victim  to  the  sulphurous  vapours  :  and  his  nephew,  the  younger  Pliny, 
who  remained  with  the  fleet  at  Misenum,  has  left  a  graphic  description 
of  the  awful  scene  in  his  letters  to  Tacitus.  He  states,  that  a  dense 
column  of  vapour  was  first  seen  arising  vertically  from  Vesuvius,  and 
which  spread  itself  out  laterally,  so  as  to  resemble  the  head  and  trunk 
of  the  Italian  pine-tree.  This  black  cloud  was  occasionally  pierced  by 
flashes  of  fire  as  vivid  as  lightning,  and  the  whole  atmosphere  sud 
denly  became  darker  than  night.  The  eruption  burst  forth  with  such 
amazing  force,  that  ashes  fell  even  upon  the  ships  at  Misenum,  and  in 
such  quantities  as  to  cause  a  shoal  in  one  part  of  the  neighbouring 
sea.  In  the  mean  time,  the  ground  rocked  terribly ;  and  the  sea  re 
ceded  so  far  from  the  shore,  that  many  maxine  anlmala  ^ete  le&«if- 
poBcd  on  the  dry  sand. 
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instriJroeBtB  in  the  British  MuBeum,  exhibit  no  appearaTice 
of  having  b^en  exposed  to  the  action  of  fire.  Evon  thedeli- 
cate  papyri  appear  to  have  sustained  more  injury  from  tBe 
effects  of  moisture  and  eiposiire  to  the  air,  than  from  heat; 
for  they  ran  tain  matter  soluble  in  naphtha,  and  are  in  fact 


Th«  ift?  of  Fomfitti  Jt  mnrlKMl  bf  rht^  lanis  line  of  embank  mtintA  En  the  in  Eddie  dE»Uiqr^,  fimnrd 
by  tta«  ubM  tbrawn  uut  of  tlie  e^v^a ?Qtl9ni      The  Bl^et  finmiu  is  ucaa  oa  tbe  Ivfl- 

fJWjH&r  ]r.  Gtift  Fam^UinaJ 

peat  in  which  bituminization  has  commeneed.*  In  Pompeiit 
the  sand  and  stones  are  loose  and  unconsolidated  j  but  in 
Hercnlaneum,  the  houflea  and  works  of  art  are  imbedded  in 
solid  tuff,  which  must  have  originated  either  trom  a  torrent 
of  mud,  or  from  ashes  moistened  by  water,  IJence  statue* 
are  found  unchangeds  although  surrounded  by  hard  tuff, 
bearing  the  impressions  of  the  minutest  lines,  The  beams 
of  the  bouses  have  nndergone  but  little  alteration,  except  that 
they  are  invested  with  a  black  cruet.  Linen  and  fishing* 
MeiSf  ioaves  of  bread  wiI\a  tW  \w^^^«&  oC  tb^a  baker' a  name  j 
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even  fruits,  as  walnuts,  almonds,  and  chestnuts,  are  still 
distinctly  recognisable.  The  remarkable  preservation,  for 
nearly  two  thousand  years,  of  whole  cities,  with  their  houses, 
furniture,  and  the  most  perishable  substances,  imbedded  in 
volcanic  matter,  may  be  compared  to  those  geological  events 
by  which  the  forests  of  an  earlier  world,  and  the  remains  of 
the  colossal  dragon-forms  which  inhabited  the  ancient  lands 
and  waters,  have  been  accumulated  beneath  the  deposits  of 
innumerable  ages. 

12.  CoNSEETATn'B  EFFECTS  OF  Lata-cubbents. — Al- 
though no  vestiges  of  animals  or  plants  are  likely  to  be 
found  in  volcanic  products  that  have  been  in  an  incandescent 
state,  yet  so  slow  is  the  conducting  power  of  many  earths, 
that  beds  of  shells  and  vegetable'  remains  may  be  overflowed 
by  streams  of  molten  lava  without  injury,  if  protected  by 
even  a  thin  covering  of  sand  or  other  non-conducting  ma^ 
terial.  In  like  manner  the  ancient  basaltic  lavas  have 
burst  through  and  overwhelmed  sedimentary  strata,  and  yet 
the  most  delicate  animal  and  vegetable  substances  remain 
uninjured ;  transmuted,  indeed,  into  stone,  but  still  retain- 
ing their  original  structure.  Thus,  in  the  eocene  (?)  beds 
of  Glarus,  although  the  rock  has  been  converted  into  slate 
by  intense  heat,  yet  the  fishes  remain  (p.  866)  ;  the  strata 
of  Monte  Bolca,  though  capped  with  basalt,  yet  swarm  with 
ichthyolites  (p.  269)  ;  the  fiery  currents  of  Auvergne  have 
flowed  over  the  lacustrine  limestones,  and  still  vestiges  of 
insects,  serpents,  and  quadrupeds  are  preserved  (p.  277)  ; 
the  tertiary  forests  of  the  Andes,  which  grew  on  beds  of 
lava,  now  lie  buried  beneath  subsequent  volcanic  eruptions 
of  prodigious  thickness  (p.  289) ;  and  bones  either  of  the 
Dodo  or  of  the  Solitaire  are  found  imbedded  in  sandstone 
covered  by  lava  of  recent  origin  (p.  130). 

A  very  remarkable  circumstance  is  mentioned  by  Sir,  C. 
Lyell, — ^tbe  preservation  of  a  bed  of  ice,  beneath  a  stream  of 
incuidescent  Isyb,     The  intense  lieai  ev^enerififti^  vsk.  ^dei^ 
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south  of  Europe  during  the  summer  and  autumn  of  1828 
caused  the  usual  supplies  of  ioe  entirely  to  fiuL  Great 
distress  was  consequently  felt  from  the  want  of  a  commodity 
regarded  in  those  countries  rather  as  an  article  of  necessity 
than  of  luxury.  Etna  was,  therefore,  carefully  explored,  in 
the  hope  of  discoyering  some  crevice  or  natural  grotto  on 
the  mountain  where  drifted  snow  was  still  preserved.  Nor 
was  the  search  unsuccessful ;  for  a  smaU  mass  of  perennial 
ice  at  the  foot  of  the  highest  cone  was  found  to  be  part  of 
a  large  continuous  glacier  covered  by  a  sheet  of  lava.  The 
ice  was  quarried,  and  the  superposition  of  the  lava  a8ce^ 
tained  to  continue  for  several  hundred  yards ;  unfortunately, 
the  ice  was  so  extremely  hard,  and  the  removal  of  it  so  ex- 
pensive, that  there  is  no  probability  of  the  operations  being 
renewed.*  Sir  C.  Lyell  explains  this  apparently  para^ 
doxical  fact  by  supposing  that  a  deep  mass  of  drift-snow  was 
covered  by  a  layer  of  volcanic  sand,  which  is  an  extremely 
bad  conducter  of  heat ;  and  thus  the  subsequent  liquid  lava 
might  have  flowed  over  the  whole  without  affecting  the  ice 
beneath,  which  at  such  a  height  (ten  thousand  feet  above 
the  level  of  the  sea)  would  endure  as  long  as  the  snows  of 
Mont  Blanc,  unless  melted  by  volcanic  heat  from  below. 

13.  Organto  Remains  in  Lava. — The  silicious  shields 
or  fnistules  of  Infusoria  are  often  found  as  a  component  part 
of  volcanic  ash  and  tuff,  both  of  ancient  and  modem  orig^in,! 
and  were  probably  derived  from  the  subterranean  pools  or 
hikes  ;  as  in  the  case  of  the  showers  of  fishes  which  occa- 
sionally descend   during  a  volcanic  eruption. J     Infusorial 

♦  Principles  of  Geology,  vol.  ii.  pp.  124—126,  9th  edit.  p.  412. 

t  Prof.  Ehrenberg  has  published  several  notices  of  this  phenomenon 
in  the  Journal  and  Transactions  of  the  Berlin  Academy  of  Sciences;  and 
complete  illustrations  are  given  in  his  magnificent  **  Mikrogeologie,"  fol- 
IHr^r). 

t  Humboldt's  Cosmos,  vol.  i.  p.  230.  A  putrid  fever  which  prevailed 
in  1691,  in  Ibarra,  north  of  Quito,  was  ascribed  to  the  decomposition  of 
the  quantity  of  dead  fish  ejected  tiom  V\ift  noVcwvo  of  Imbaburu. 
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remains  are  not  tmcommon  in  the  volcanic  dust  that  falls  on 
vessels,  often  hundreds  of  miles  from  land.  An  ancient  bed 
of  tuff  in  Oregon  is  full  of  infusorial  remains.* 

la  the  tuff  of  Yeauviua,  I  ha^e  seen  the  itnpreasions  of 
tlicotyledonous  leaves ;  and  charred  wood  is  occasionally  met 
with  in  the  aeoriiD  of  Herculaneum. 

A  cnrioua  circumstance  occasionally  results  from  the  in- 
vaaiou  of  a  grove  or  forest  bj  a  stream  of  lava.  The  trunks 
of  the  trees,  at  their  base,  become  enveloped  by  the  molten 
umiSj  but  the  upper  part  and  the  branches  are  set  on  lire, 
and  bum  down  to  the  surface  of  the  lava.  The  trunks  sur- 
rounded by  the  kva  are  only  charred j  and  if,  as  often  hap- 
pens, this  carbonaceous  matter  is  afterwards  washed  away,  or 
otherwise  removed,  hollow  cylindrical  tubes,  having  their 
sides  marked  with  the  imprint  of  the  bark  of  the  trunks,  re- 
main in  the  solid  rock.  8ucL  moulds  are  not  uncommon  in 
the  Isle  of  Bourbon,  in  those  la var currents  that  have  extend- 
ed their  ravages  through  the  palm-forests. 

A  remarkable  fact,  ariamg  from  a  similar  cause,  is  men- 
tioned by  Count  Str^ielecki,  as  having  come  under  his  notieo  ' 
in  the  valley  of  the  Bcrwent  in  Tan  Diemen'a  Land. 
Opidized  coniferous  wood  is  abundant,  and  in  some  parts  the 
trtmeated  stumps  are  imbedded  in  porous  and  scoriaeeoua 
basalt  and  trachytic  conglomerate ;  and  in  many  instances 
the  basalt  contains  hoOows,  which  are  the  moulds  of  trees 
that  have  been  consumed.  It  appears  that  the  stem  a  w  hioh 
had  been  silicified  withstood  the  intenaity  of  the  incan- 
descent lava  ?  while  other  treea,  placed  in  circumstances  un- 
favourable to  their  previous  petrifaction,  were  charred,  but 
not  destroyed ;  for,  having  been  either  green,  or  saturated 
with  water ^  they  resisted  the  progress  of  combustion,  so  as 
to  leave  by  their  anbaeciueut  decomposition  cylindrical  op- 
right  cavitiea  in  the  basaltic  scoriaes,  with  impressiona  aimilar 
to  the  rugged  bark  of  a  carbonized  tree.  Into  some  of  these 
H  *  Dr.  Bailey* 
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hollows  a  second  eruption  of  lava  has  formed  casts  of  the 
consumed  trunks  in  basalt.* 

14.  Mount  Etka. — This  volcanic  cone,  which  is  situated 
in  the  Island  of  Sicily,  and  is  entirely  composed  of  erupted 
mineral  substances,  rises  majestically  to  the  height  of  up- 
wards of  two  miles  (or  10,872  feet),  the  circumference  of 
its  base  exceeding  180  miles  :  on  a  clear  day  it  may  be  dis- 
tinctly seen  from  Malta,  a  distance  of  150  miles.  Compared 
with  this  prodigious  ma^  of  igneous  products,  Vesuvius 
sinks  into  insignificance ;  for,  while  the  lava-streams  of  the 
latter  do  not  exceed  seven  miles,  those  of  Etna  are  often 
from  fifteen  to  thirty  miles  in  length,  and  five  miles  in 
breadth,  and  from  fifty  to  one  hundred  feet  in  thickness.t 
The  surface  of  Etna  presents  three  distinct  regions  :  around 
the  base  for  an  extent  of  twelve  miles,  the  country  is  richly 
cultivated,  and  abounds  in  vineyards  and  pastures,  and  is 
the  site  of  many  towns,  monasteries,  and  villages.  The 
middle  or  temperate  zone  above,  is  covered  with  forests  of 
oak  and  chestnut,  and  a  luxuriant  vegetation  reaches  to 
« within  a  mile  of  the  summit.  Above  this  all  is  sterility  and 
desolation,  and  the  highest  point  of  the  mountain  is  covered 
with  eternal  snow.  The  crater  is  about  a  quarter  of  a  mile 
in  height,  and  three  quarters  of  a  mile  in  circumference, 
and  is  situated  in  the  centre  of  a  gently  inclined  plain,  three 
miles  in  diameter.  From  the  crater  a  column  of  vapour 
constantly  issues,  emanating  from  the  mass  of  incandescent 
mineral  matter  which  fills  up  the  interior,  and  may  be  seen, 
in  a  state  of  ebullition,  in  the  fumaroles  or  chasms  in  some 
of  the  lateral  crevices,  of  which  there  are  generally  several 
accessible. 

Etna  is  recorded  as  having  been  in  a  state  of  activity  be- 
fore the  Trojan  war ;  and  ever  since,  at  varying  intervals, 
Tiolont  eruptions  have  occurred.     In  an  eruption  in  1669, 

•  Physical  Deacivptioiv  o^  '^erw  ^q>\\Xi  Wales, 
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the  torrent  of  lava  inundated  a  space  of  fourteen  miles  in 
length,  and  four  in  breadth;  burying  beneath  it  5000 
villas  and  other  habitations,  with  part  of  the  city  of  Catania, 
and  at  length  falling  into  the  sea :  during  several  months 
before  the  lava  burst  out,  the  old  mouth,  or  great  crater,  was 
observed  to  send  forth  more  smoke  and  flame  than  usual^ 
and  the  top  fell  in ;  so  that  the  cone  became  much  lowered. 
In  1809,  twelve  new  craters  opened,  about  half-way  down 
the  mountain,  and  threw  out  rivers  of  burning  lava,  by  which 
several  estates  and  farms  were  covered  to  the  depth  of 
thirty  or  forty  feet :  and  in  1811,  other  vents  appeared  on 
the  eastern  side;  and  discharged  torrents  of  liquid  lava  with 
amazing  force. 

In  1832,  a  violent  paroxysm  took  place,  and  continued 
with  but  little  intermission  for  several  weeks.  "  On  the 
31st  of  October,  in  the  middle  of  the  night,  there  arose, 
without  any  previous  indication,  a  column  of  smoke  and 
flame  from  the  base  of  the  large  cone,  on  the  northern  side  ; 
and,  shortly  after,  an  immense  quantity  of  fluid  matter  was 
discharged  from  the  crater,  on  the  western  side,  and  divided 
into  numerous  streams.  Next  morning,  repeated  earthquakes, 
the  increased  noise  of  the  lava,  which  now  flowed  rapidly, 
and  the  immense  volumes  of  thick  black  smoke  at  the  foot 
of  Monte  Scavo,  announced  that  the  eruption  had  greatly 
increased  in  violence,  and  several  streams  of  lava  were  seen 
descending.  On  the  2nd  of  November,  contrary  to  all  ex- 
pectation, the  eruption  ceased,  and  the  lava  was  found  to  be 
BO  far  cooled,  that  several  adventurous  observers  were 
enabled  to  get  upon  it,  and  walk  a  few  paces.  On  the  3rd, 
the  hope  that  the  fire  was  almost  extinct  was  nearly  certain ; 
but,  in  the  evening,  a  violent  earthquake,  followed  by  several 
smaller  ones,  with  a  fresh  quantity  of  smoke,  foretold  a  fresh 
eruption ;  and  two  hours  before  midnight,  another  severe 
shock  occurred,  and  was  succeeded  by  black  smoke  min^|Lnd 
with  Barnes,  and  inoessant  thunder. 
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^  Having  approached,*'  says  Signor  diLiica,  "aa  neaiiftt 
was  prudent  to  the  hollow  from  which  the  fire  isBued,  we 
found  four  apertures,  which  threw  out  burning  matter. 
Baising  our  eyes  from  these  vents,  we  observed  a  deft  or 
rent,  about  a  mile  in  length,  from  which  yolumes  of  smob 
arose  from  time  to  time ;  and,  as  at  the  bottom  it  reached 
the  openings  above  mentioned,  it  enabled  us  to  behold  the 
burning  furnace  in  the  interior  of  the  mountain.  Meanwhile, 
the  thunder  was  incessant,  and  the  detonations  were  tor- 
rible ;  the  lava  continued  to  flow ;  and  enormous  masses  of 
red-hot  substances  were  thrown  to  a  great  height,  mingled 
with  vast  volumes  of  flame  and  smoke.     The  shocks  of 
earthquake  were  likewise  so  violent,  that  horses,  and  other 
animalB,  fled  in  terror  from  the  places  where  they  were 
feeding." 

15.  The  Yal  del  Bote. — ^But  by  far  the  most  interest- 
ing feature  of  Etna  is  an  immense  depression  or  excavation 
on  the  eastern  side  of  the  mountain,  called  the  Val  del  Bove, 
This  vast  plain,  or  rather  circular  hollow,  is  five  miles  in  dia- 
meter, and  from  two  to  three  thousand  feet  in  the  height  of 
its  bounding  precipices,  which  in  most  places  are  nearly 
perpendicular.  This  remarkable  area,  according  to  some 
observers,  has  resulted  from  the  giving  way  and  subsidence 
of  part  of  the  crust  of  the  volcano,  from  some  violent  action 
in  the  interior,  which  occasioned  the  sudden  removal  of  an 
enormous  mass  of  mineral  matter.*  This  plaiu  is  encircled 
by  subordinate  volcanic  mountains,  some  of  which  are  co- 

*  Sudden  depressions  of  the  surface  of  the  land  are  not  unfrequent 
concomitants  of  subterranean  moyements,  and  occasionally  produce  the 
most  frightful  catastrophes.  In  1772,  Papandayang,  one  of  the  largest 
volcanos  in  the  Island  of  Java,  suddenly  sunk  down  with  a  terrific  noise, 
and  an  area  fifteen  miles  long  and  six  wide  was  swallowed  up ;  many 
hundred  persons  and  forty  villages  were  destroyed,  being  either  ingulfed 
with  the  sunken  mass,  or  overwhelmed  by  the  volcanic  matter  that 
issued  forth,  and  spread  over  the  surrounding  country  to  a  considerable 
distance.    The  original  moimtain  was  diminished  4000  feet  in  height. 
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rered  by  lorests,  wbiie  others  are  bare  and  arid,  like  many 
of  tlie  cones  of  Auyergne.  The  walls  or  cUffa  enrroundiog 
tMs  depression  are  formed  of  successive  layera  of  lava  of 
TOFiable  tbickneis,  with  interposed  beds  of  tnff,  ashes,  and 
igneous  conglomerates  of  different  colours  and  degrees  of 
fiaeneaa.  They  slope  downwards  towards  the  sea  at  au 
sEgle  of  from  twenty  to  thirty  degrees ^  and  have  evidently 
been  formed  at  various  intervals  by  successive  eruptions 
from  the  top  of  the  mountain,  and  were  continuous  before 
the  subsidence  took  place  which  gave  this  region  its  present 
character. 

Mr.  Serope,*  boweverj  argnes  that  the  evidence  advanced 
for  tbis  view  of  the  case  is  not  eoneliisivej  and  that  the  whole 
of  tbe  wanting  mass  of  materials  in  this  hollow  on  the  side 
of  Etna  may  have  been  blo-RTi  away,  jnst  as  **  entire  moun- 
tainSj  of  a  magnitude  far  exceeding  that  of  Vesuvius  and 
Somrna  itself,"  have  been  blown  into  the  air  by  eruptive 
violence. 

The  perpendicular  sides  of  this  natural  ampliitheatre  are 
everywhere  marked  by  vertical  walls  or  djkes,  wbich  not 
only  intersect  tbe  concentric  sheets  of  lava  and  tuff,  but 
standing  out  in  bold  relief,  like  prodigious  buttresses,  impart 
ft  most  eitraordtnary  character  to  tbe  scene ;  the  greater  in- 
duration of  these  intruded  dykes  having  enabled  them  to 
resist  the  denuding  action  whieb  has  removed  the  less  co- 
herent preeiiating  erupted  materials.t  These  buttresses 
are  from  two  to  twenty  feet  in  tbicknesa,  and,  being  of  ira- 
inense  height,  are  extremely  picturesque  ;  some  of  them  are 
composed  of  trachyte,  and  others  of  blue  compact  basalt 
witb  olivine.  The  surface  of  the  plain  is  wild  and  desolate 
in  tbe  extreme,  presenting  the  appearance  of  a  tempestuous 
sea  of  liquid  lava^  suddenly  congealed.  InnumeTable  cur- 
rents of  lava  are  seen  piled  one  upon  the  other ;  some  of 
which  terminate  abruptly,  while  others  have  extended  across 
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the  Val,  and  descended  in  cascades  into  the  lower  fertile 
regions,  where  they  are  spread  out  in  sterile  tracts  amid  the 
vineyards  and  orange-groves.* 

The  varied  and  picturesque  scenery  of  Etna,  the  pheno- 
mena of  volcanic  action  which  are  there  so  strikingly  ex- 
hibited, as  well  as  those  which  have  taken  place  in  periods 
long  antecedent  to  human  history  and  tradition,  but  of 
which  the  natural  records  remain,  are  described  by  Sir 
C.  Lyell  with  that  vigour  and  fidelity  which  characterize  all 
the  productions  of  his  pen  ;  and  his  works  should  be  con- 
sulted by  those  who  desire  fully  to  comprehend  the  nature 
of  some  of  the  most  interesting  physical  changes  which  are 
in  progress  on  the  surface  of  our  planet. f 

16.  Volcano  or  Kilauea.— Of  the  existing  yolcanos, 
those  of  Kilauea  and  Mauna  Loa,  in  Hawaii,^  exhibit  vol- 
canic action  in  its  most  sublime  and  imposing  aspect.  The 
island  of  Hawaii,  which  is  about  seventy  miles  long,  and 
covers  an  area  of  4000  square  miles,  is  a  complete  mass  of 
volcanic  matter,  perforated  by  innumerable  craters.  It  is  in 
fact  a  hollow  cone,  rising  to  an  altitude  of  16,000  feet,  hav- 
ing numerous  vents  over  a  vast  incandescent  mass,  which 
doubtless  extends  beneath  the  bed  of  the  ocean ;  the  island 
forming  a  pyramidal  funnel  from  the  furnace  beneath,  to  the 
atmosphere.  Mauna  Loa  {great  or  long  mountain)  is  the 
apex,  and  bears  an  enormous  crater.  Indeed  Kilauea,  or 
Kirauea,  is  but  a  lateral  crater  to  Mauna  Loa.  The  follow- 
ing account  of  a  visit  to  the  latter  crater,  by  Mr.  Ellis, 
affords  a  striking  picture  of  the  splendid  but  awful  spectacle 
which  this  volcano  at  the  time  presented. 

*  See  Captain  Basil  Hall's  interesting  description  of  a  visit  to  the  Val 
del  Bove,  "  Patchwork,**  vol.  iii.  p.  31. 

t  "  Principles  of  Geology,"  chap.  xxvi.  See  also  Daubeny's  "  Vol- 
canos,"  2nd  edit.  chap.  15. 

J  Hawaii,  one  of  the  Saiidmc\v\%\wvds^\s  well  known,  under  the  name 

Owiiyhee«  as  the  scene  oi  \.\ift  mux^ei  Ql^w^\aMCL^^» 
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**  AAer  travellixi^  over  extensiTe  plains  wid  climbififf  ruf  ped  steep«, 
all  l3«aring  tcatimony  of  igneous  origrfn^  the  crater  of  Kilauea  suddenly 
btirst  iipon  our  view.  We  found  ourselves  on  the  edge  of  a  steep  pre- 
Cipice.  with  a  vast  plain  before  ua,  fifteen  or  eiiteen  milea  in  cirruro- 
fereuce,  and  sunk  from  two  hundred  to  four  hundred  fett  beluw  it» 
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original  lereL  The  anrfaee  of  this  plain  was  uneTeUj  and  atrewed  over 
with  large  atones  and  volcanic  roeks;  and  in  the  centre  of  it  was  the 
prcat  crater,  at  the  distance  ofa  mile  and  a  half  from  the  precipice  on 
which  we  TS^ere  atanding*  We  prbceeded  to  the  northern  end  of  the 
tidge^  wherCi  Ihe  sidea  being  leas  steep,  a  descent  lo  the  plain  below 
eaemed  practicable ;  but  it  required  the  greatest  caution*  as  the  stones 
and  frairnients  of  rock  frequently  gave  way  under  our  feet,  and  rolled 
down  from  above.  The  steep  which  we  had  descended  was  formed  of 
vol  can  ic  matter,  apparently  of  light -red  and  grey  vesicular  lava,  lying  in 
horizontal  beds,  varying  in  thickness  from  one  to  forty  feet-  In  a  few 
placea  the  different  masses  were  rent  in  perpendicular  and  oblique  di- 
rections, from  top  to  bottom,  either  by  earthquakes,  or  by  other  Tiolent 
ronvulsiona  of  the  ground.  After  walking  some  di^^tance  over  the 
which  in  BeTeml  places  so*inded  IiqUq'w  Wuisaiik  ^^t  I^m^^  -kv 
fa  the  edgs  of  the  peat   cmiet-    ^efete  x^  -^wwos^  %^  "-^ 
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mtufte  gulf  in  the  form  of  a  cremGnu  about  two  m'lks  in  hnpk  (mm 
norUi-eiwt  to  auuih-weat,  i>m3  miJe  in  width*  md  blK)  it?et  cleej*.  The 
bottam  wascavertd  with  lava,  ancl  the  fluuih>W4i«t  and  northern  piiriii 
were  one  Tast  flood  of  bnniing  tuatter.  Fifty-oufi  ixjiiical  islands  d 
varied  form  and  sixe,  cont^iining  as  many  cratera,  rose  cither  roumi  Lk 
edge  or  from  the  aurfiLCu  of  thti  burning  Jako»  Twenty -two  euti£i«ull)^ 
f>mitted  euhc?  culumna  of  grey  ^mukc  ot  pyramids  of  brill  is  nt  flame :  mi 
fit  the  same  time  vomited  from  their  ignited  tnuuths  streams  of  Uti^ 
whii'h  rolled  in  biasing  torrent**  down  their  blaclc  indt^nted  aides  into  tk 
boiUng  maas  below  (see  Lipi.  SM)).  The  exili^leiice  of  tht'ae  couiciJ 
craters  hd  us  to  conclude,  tlmt  the  boiling  eaiitdron  of  lavn  did  not  fcrm 
the  fiieus  of  the  voleano,  but  that  ihia  liquid  raasa  was  comparau*cljf 
shallow,  and  that  the  baain  which  contained  it  was  separated  by  a  Aim* 
turn  of  tkolid  matter  from  the  great  vokauio  abyss,  whieh  consiaflllj 
ponred  cint  its  melted  contents  through  these  numerous  crutera  into  thii 
upper  reservoir.  We  were  further  ineliued  to  thia  opiniuti  from  the  tfl«.i 
cotumiia  of  vapour  {^ontitmaliy  ascending  from  thu  chasms  in  the  viciniiy 
of  the  jjulphur-banka  and  poob  of  water  ;  for  they  mtiat  have  been  |m«» 
dnced  by  other  lire  thiiu  liiat  whi^h  cuu.'ied  tJie  ebullitiou  in  tlie  lavn  M 
the  hottum  of  iho  ^real  cnUor;  and  also  by  noticing  a  number  of  iiniill 
vents  iu  vigorous  action  hi(^h  up  the  sides  of  the  gtuiit  gulf,  luid  npparciii>ij? 
quite  detached  from  it*  TJie  i^treains  of  Inva  which  they  etiihtud  rolid 
Uuwti  ill  to  the  lakt^  and  mitiglod  with  tlie  nicdied  mas^,  vvhich^  \ho^i^ 
thrown  up  by  diflereut  apertures^  had  perhaps  been  oiiginally  fuatiil  in 
one  vast  furnace.  The  sidts  of  the  gulf  before  us,  akhougli  composed  nf 
differtMit  bedfl  of  ancient  lava,  were  perpendicular  for  ftbout  41KJ  feel,  Aittl 
ro-^e  from  a  wide  horizontal  Jedge  of  solid  black  lavai  of  irreguhir  ^'viiht 
but  extending  completely  round.  Beneath  I  his  ledge  the  sides  sloped 
fra dually  towards  tho  burning  lake,  which  was*  iis  nearly  as  we  toiild 
judgei  three  or  four  hundred  feet  lower.  It  wits  evident  that  tha  Urp 
enter  had  been  recently  JlUed  with  liquid  lava  up  to  this  ledge,  and  liadi 
by  some  subLerranean  channel,  emptied  itself  into  the  aea,  or  upen  lJ» 
low  land  on  the  shore;  and  ui  all  probability,  this  evacuation  bad  causvd 
the  inundation  of  the  Kapapala  eoasit,  which  took  place,  aa  we  after wnrdi 
learned »  about  ihreu  weeks  prior  to  our  visit.  The  grey  and  in  istsiW  • 
places  apparently  calcined  sides  of  the  great  crater  before  us— the  fisaorti 
which  intersected  the  surface  of  the  plain  on  which  we  were  a(antliii§!— 
the  long  bajiks  of  sulphur  on  the  opposite  sides  of  the  abyss— the  vipt' 
ous  action  of  the  numerous  small  craters  on  its  borders— tho  dense  co- 
in mns  of  V4ipour  and  smoke  that  rose  out  of  it ^  at  the  north  and  soulli 
ends  of  the  plain,  together  with  the  ridge  of  steep  rocka  by  which  it 
surrounded,  rising  tht^e  ot  &iut  b^ndt^d.  C^%i  m.  ^er^jendioular  hitghl 
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presented   an   immense   volcanic  panorama,  the  effect  of  which  was 
greatly  augmented  by  the  constant  roaring  of  the  vast  furnaces  below."* 

17.  Mr.  Stewart's  TI8IT  TO  KiLATJEA. — In  June,  1825, 
Mr.  Stewart,  accompanied  by  Lord  Byron  and  a  party  from 
tbe  Blonde  frigate,  went  to  Kilauea,  and  descended  to  the 
bottom  of  the  crater. 

"The  general  aspect  of  the  crater,"  observes  Mr.  Stewart, 
"  may  be  compared  to  that  which  the  Otsego  Lake  would 
present,  if  the  ice  with  which  it  is  covered  in  winter  were 
suddenly  broken  up  by  a  heavy  storm,  and  as  suddenly 
frozen  again,  while  large  slabs  and  blocks  were  still  top- 
pling, and  dashing,  and  heaping  against  each  other,  with 
the  motion  of  the  waves.  At  midnight  the  volcano  sud- 
denly began  roaring  and  labouring  with  redoubled  activity, 
and  the  confusion  of  noises  was  prodigiously  great.  The 
sounds  were  not  fixed  or  confined  to  one  place,  but  rolled 
from  one  end  of  the  crater  to  the  other ;  sometimes  seeming 
to  be  immediately  under  us,  when  a  sensible  tremor  of  the 
ground  on  which  we  lay  took  place ;  and  then  again  rush- 
ing on  to  the  farthest  end  with  incalculable  velocity.  Almost 
at  the  same  instant  a  dense  column  of  heavy  black  smoke 
was  seen  rising  from  the  crater  directly  in  front,  the  sub- 
terranean struggle  ceased,  and,  immediately  after,  flames 
burst  from  a  large  cone,  near  which  we  had  been  in  the 
morning,  and  which  then  appeared  to  have  been  long  in- 
active. Eed-hot  stones,  cinders,  and  ashes  were  also  pro- 
pelled to  a  great  height  with  immense  violence ;  and,  shortly 
after,  the  molten  lava  came  boiling  up,  and  flowed  down  the 
sides  of  the  cone  and  over  the  surrounding  scoriae,  in  most 

*  Ellis's  Polynesian  Researches,  vol.  iv.  See  also  Dana's  account  of 
the  Hawaiian  Volcanos,  in  his  "  Geology  of  the  United  States  Exploring 
Expedition,"  1849 ;  and  notices  by  Messrs.  Coan,  Weld,  and  others  in  ther 
Atnerican  Journal  of  Science,  and  the  Journal  Geol.  Soc.  185.6  and; 
1857 ;  also  Lyell's  *•  Manual,"  p.  491 ;  and  D«  la.  ^^cJafc'%**  Qtts»V^»ac 
server/' 2nd  edit  ^.'333,  Ac. 
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beautiful  curved  Btreams,  glittering  with  a  brilliancy  quite 
indescribable.  At  the  same  time,  a  whole  lake  of  fire 
opened  in  a  more  distant  part.  This  could  not  have  been  less 
than  two  miles  in  circumference,  and  its  aspect  was  more 
horribly  sublime  than  anything  I  ever  imagined  to  exist, 
even  in  the  ideal  visions  of  unearthly  things.  Its  surface 
had  all  the  agitation  of  the  ocean ;  billow  after  billow  tossed 
its  monstrous  bosom  into  the  air;  and  occasionally  those 
from  different  directions  burst  with  such  violence,  as  in  the 
concussion  to  dash  the  fiery  spray  forty  or  fifty  feet  high. 
It  was  at  once  the  most  splendid  and  fearful  of  spectacles."* 

The  following  account,  by  M.  Strzelecki,t  of  the  Tolcanic  phenomena 
in  Hawaii  is  so  highly  interesting,  that  I  am  induced  to  insert  it  entire. 
**  The  Tolcano  of  Kirauea  (Kila\iea)  lies  on  the  N.W,  side  of  Mauna  Boa 
(Mauna  Loa),  about  twenty  miles  from  the  summit  of  that  mountain,  and 
forty  from  the  Bay  of  Hilo ;  its  latitude  is  19®  27 '.  Its  present  size  8ur« 
passes  that  of  every  other  known  volcano,  yet  it  now  hardly  displays 
more  than  one-third  of  its  original  magnitude.  Its  crater  must  have  ODce 
been  twenty-four  miles  in  circumference,  as  evidenced  by  the  still  re- 
maining ruins  of  its  ancient  walls  ;  the  highest  point  of  which  is  5054  feet 
above  the  level  of  the  sea.  The  sunken  furnace  of  Kirauea  is  now  re- 
duced to  eight  miles  of  circumference,  the  present  crater  being  4109  feet 
in  height  above  the  sea ;  which  is,  therefore,  at  least  950  feet  below  the 
brim  of  the  ancient  crater.  The  edge  of  this  precipice  falls  perpendicu* 
larly  600  feet  lower,  to  the  boiling  surface  of  igneous  matter.  The  de- 
scent to  this  level  is  often  precipitous,  and  winds  among  a  thousand 
openings,  which  vomit  forth  hot  vapours,  from  an  area  thickly  strewed 
with  tabular  masses  of  smoking  lava.  Like  the  ice  in  a  blocked-up 
channel,  these  tabular  masses  remain  either  standing  on  end,  or  heaped 
in  horizontal  or  half-raised  beds,  and  gaping  with  fissures  over  fearful 
cavities,  resounding  with  noises  similar  to  those  of  a  stormy  sea.  Six  of 
these  were  in  violent  agitation  while  I  was  exploring  the  crater.  The 
surface  of  the  fiery  matter  in  all  of  them  kept  at  about  the  same  height, 
and  rose,  sank,  and  was  agitated  simultaneously,  which  seems  to  show 
that  it  belonged  to  one  mass  of  liquid  l.iva,  filling  the  whole  area  of  the 
interior  of  the  crater,  and  that  these  cavities  are  mere  openings,  and  the 
heaps  of  broken  lava  which  block  up  part  of  the  crater  are  a  temporary 

•  Lord  Byron's  Voyage  in  Uio  Blonde  frigate,     f  New  South  Wales- 
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crust  or  coTenng  orer  the  incandescent  mtss  beneath.  The  lara  of 
Kirauea  appears  to  be  similar  to  that  of  Heda,  which  is  known  under 
the  name  'caTemous; '  and  which,  by  the  intensity  of  its  heat,  and  the 
abundance  of  its  elastic  gases,  produces  here,  as  in  Iceland,  tumefactions, 
varying  from  the  thickness  and  delicacy  of  a  soap-bubble,  to  the  sixe  of 
cayems  twenty  or  thirty  feet  wide.  These  caveins,  which  extend  in 
eTery  direction,  form,  beneath  the  surface  of  the  island,  subterranean 
channels,  though  which  the  overflowing  lava  makes  its  way,  and  are 
often  covered  by  a  hollow  arch,  which  yields  at  once  to  the  tread.  Their 
interior  contains  the  most  interesting  incrustations  of  sublimed  minerals, 
with  crystalline  forms,  the  perfection  of  which  can  hardly  be  appreciated 
without  the  aid  of  a  microscope,  and  so  delicate  as  scarcely  to  bear  the 
breath.  Moimds  of  sulphur,  more  extensive  than  those  of  Solfatara,  are 
deposited  aroimd  the  southern  plane  of  the  crater. 

"  On  the  western  flank  of  the  crater  above  described,' the  appearances 
render  it  probable  that  the  former  surface  of  the  incandescent  matter 
was  300  feet  higher  up  than  it  is  at  present ;  and  that  the  opening  of  the 
crater  of  Mauna  Roa,  which  is  now  8000  feet  above,  diverted  the  course  of 
the  intense  subterranean  heat  from  that  of  Kirauea,  or  at  least  diminished 
its  intensity.  It  seems*  also,  that  the  incandescent  matter  of  the  interior 
of  the  crater  became  refrigerated  and  solidified  in  the  mighty  cauldron ; 
and  that  after  a  lapse  of  time  the  base  on  which  it  stood  gave  way,  under 
the  renewed  agency  of  subterranean  heat,  when  the  mass  cracked  and 
slipped.  A  large  mass  of  the  solidified  lava  appears  to  have  fallen  again 
into  the  ab3r8s,  and  been  remolten :  while  a  part  remained  lodged  against 
the  sides  of  the  cauldron,  and  is  now  seen  as  a  rock  two  hundred  feet 
hi^  consisting  of  basalt,  trachyte,  and  lava  of  several  varieties.  Be- 
tween the  scoriaceous  lava  approaching  to  slag,  which  lies  uppermost,  and 
the  dose-grained  basalt  which  forms  the  lowest  portion  of  the  rock,  the 
transition  is  so  gradual,  that  it  is  impossible  to  assign  the  spot  where 
basalt  ceases  and  lava  begins.  The  words,  basalt,  trachyte,  and  lava 
serve,  therefore,  only  to  distingnish  the  upper  from  the  lower  part  of  a 
stream  of  molten  matter." 

18.  The  Volcano  op  Jobitllo. — ^In  South  America 
Tolcanic  action  has  been,  and  is  still,  exerted  over  an  im- 
menae  extent  of  country ;  and  the  vents  of  the  subterranean 
fires  extend  to  the  loftiest  summits  of  the  Andes. 

In  the  parallel  of  the  city  of  Mexico  there  ave  no 
tiban  five  burning  mountains---Tuxtlai,  QriaabaiFoi^oea 
JaraBa,  and  Coiima— amnged  aft  it  ^3uBj  mr' 
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immense  fissure,  traversing  the  region  from  east  to  vrest, 
and  extending  from  sea  to  sea. 

The  elevated  country  which  constitutes  the  province  of 
■Quito  is,  as  it  were,  an  arch  or  dome,  spread  over  an  im: 
mense  focus  of  volcanic  energy,  of  which  the  channels  of 
communication  with  the  atmosphere  are  the  burning  moun- 
tains of  Pichincha,  Cotopaxi,  and  Tunguragua.  These,  bj 
their  grouping,  as  well  as  by  their  lofty  elevation  and  grand 
outline,  present  the  most  sublime  and  picturesque  aspect 
which  ,  is  anywhere  concentrated  within  so  small  a  space  in 
volcanic  landscape. 


n 


LiGK.  201  —Volcano  of  Johullo,  and  its  Hobnitos,  Mexico. 
{At  teen  by  Baron  Humboldt,  about  1800.) 

Eruption  of  Jorullo. — South  America  has  been  the  theatre, 
in  modern  times,  of  one  of  the  most  extraordinary  revolu- 
tions in  the  annals  of  the  physical  history  of  our  planet,— 
that  which  gave  rise  to  the  burning  mountain  of  Jorullo.* 


*  Baron  Humboldt's  **  Nouvelle  Espagne  ;  **  see  also  his  "  Vues  des 
CordiJJ^res,**  for   beautiful   illustrations   of  Jorullo   and    its  'homitos. 
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In  Mexico  there  is  an  extensive  plain  called  the  Malpayty 
rvrhich  was  covered  by  fields  of  cotton,  sugar-cane,  and 
indigo,  irrigated  by  streams,  and  bounded  by  basaltic  moun- 
tains, the  nearest  active  volcano  being  at  the  distance  of 
'eighty  miles.  This  district  is  situated  at  an  elevation  of 
about  2600  feet  above  the  level  of  the  sea,  and  was  cele- 
brated for  its  beauty  and  extreme  fertility.  In  June,  1759, 
alarming  subterranean  sounds  were  heard,  and  these  were 
-accompanied  by  frequent  earthquakes,  which  were  succeeded 
by  others  for  several  weeks,  to  the  great  consternation  of 
the  neighbouring  inhabitants.  In  September  tranquillity 
4eippeared  to  be  reestablished,  when  in  the  night  of  the  28th 
the  subterranean  noise  was  again  heard,  and  part  of  the 
plain  of  the  Malpays,*  from  three  to  four  miles  in  extent, 
rose  up  like  a  mass  of  viscid  fluid,  in  the  shape  of  a  bladder 
or  dome,  to  a  height  of  nearly  1700  feet ;  flames  issued  forth, 
fragments  of  red-hot  stones  were  thrown  to  prodigious 
heights,  and  through  a  thick  cloud  of  ashes,  iUurained  by 
volcanic  fire,  the  softened  surface  of  the  earth  was  seen  to 
swell  up  like  an  agitated  sea.  A  huge  cone,  above  500  feet 
high,  with  five  smaller  conical  mounds,  suddenly  appeared, 
and  thousands  of  lesser  cones  (called  by  the  natives  hornitos, 
or  ovens)  issued  forth  from  the  upraised  plain  (^Lign.  201). 
These  consist  of  clay  intermingled  with  decomposed  basalt, 
each  cone  being  a  fiimarole,  or  gaseous  vent,  from  which 
issued  thick  vapour.  The  central  cone  of  Jorullo  is  still 
burning,  and  on  one  side  has  thrown  up  an  immense  quan- 
tity of  scorified  and  basaltic  lavas,  containing  fragments  of 
old  crystalline  rocks.  Two  streams,  of  the  temperature  of 
186®  of  Fahrenheit,  have  since  burst  through  the  argillaceous 

'I'-Cotmos,  Bohn's  Edit.  vol.  L  p.  227,  note,     Burckluurdt  states,  that 
during  the  twenty-four  years   subsequent  to  Bftvn"  ^ 

to  Lunillo,  the  homitot  had  either  whollj.  i 
dianged  their  form. — Reitm  in  Kecioa,  ibOm 
*  Tba  tract  cOiuiated  of  pi^kpliyiilio  l6tiki' 
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vault  of  the  hamitoSy  and  now  flov  into  the  nogbbooziiig 
plains.  For  many  years  after  the  first  enqjtkm,  the  pbmi 
of  Jonillo  were  uninhabitable  frnn  the  inteiwe  heat  diat 
prevailed. 

19.  SrB3tfAiiE!nE  YoLCAifos. — ^Volcanic  emptioDa  tdcs 
place  indiscriminatelr  either  on  the  land  or  beneath  the 
waters  of  the  ocean.  The  igneous  fod  of  Sonthem  Italy  are 
certainly  not  confined  to  the  land,  but  extend  beneath  the  bed 
of  the  Mediterranean ;  and  of  this  the  occasional  appearance 
of  new  shoals  and  islands  affords  conduaiTe  efidence.  JAtj 
inibrms  us  that  an  event  of  this  kind,  which  took  place 
about  the  period  of  the  death  of  Hannibal,  together  with 
other  volcanic  phenomena,  so  terrified  the  Tioman  people, 
aa  to  induce  them  to  decree  a  supplicatiiMi  to  the  gods,  to 
avert  the  displeasure  of  heaven,  which  these  prodigies  were 
supposed  to  denote.  *'  Nuntiatumque  ent  baud  procul  Si* 
cilia  insulam  quae  nunquam  ante  fiierat  novam  editamemaii 
esjje." — LiTT,  lib.  xxxix.  c.  56. 

In  Iceland,  which  may  be  regarded  as  a  partially  sub- 
marine volcanic  mountain,  with  the  highest  summits  above 
the  waters,  eruptions  are  not  restricted  to  the  area  of  dn* 
land ;  but  often  burst  out  in  submarine  volcanos  off  the 
coasts.  The  enormous  eruptions  which  issued  from  three 
different  vents  in  the  low  tract  called  Shaptar  Jokul,  in  17S3, 
and  poured  out  lava-currents  many  miles  wide,  and  ninety 
loni^,  was  preceded  by  the  appearance  of  volcanic  cones, 
vomiting  flames  and  vapour,  in  the  neighbouring  sea,  many 
miles  from  the  land.* 

A  highly  interesting  example  of  the  emergence  of  a  sub- 
marine volcano  took  place  in  1S3I.  A  volcanic  island  sud- 
denly arose  in  the  Mediterranean,  about  thirty  miles  off  the 
.S.W.  coast  of  Sicily,  where  previous  soundings  had  asc'e^ 
tained  the  depth  of  the  sea  to  be  600  feet.    It  was  preceded 

•  •'  TraveU  in  the  Island  of  Iceland,  during  the  Summer  of  the  year 
J -10."     By  <ir  George  Stewart  Mackenzie,  Baronet,  4to,  ISll. 


SOS  MARINE  TOLCANOS.     ^ 

bv  a  violent  Bpoutiug  up  of  steam  and  water,  and  at  length 
a  small  island  gradually  appeared,  having  a  crater  on  it§ 
iunamit,  which  ejected  acorife,  ashea,  and  volumes  of  vapour ; 
the  &ea  around  was  covered  with  floating  eindera  and  shoals 
of  dead  fishes.  The  crater  attained  aa  elevation  of  nearly 
^OO  feetj  with  a  circumference  of  about  three  miles,  having 
a  circular  basin  fuD  of  boiliug  water  of  a  dingy  red  colour, 
Jt  continued  in  activity  for  three  weeks,  and  then  gradually 
disappeared.  The  island  received  various  names  ;  but  it  ii 
best  known  by  the  English  name  of  *^  Graham's  Island,"  and 
tbe  French  one  of  "  rial e  Julia.'*    In  1833,  two  years  after 


fti  destruction,  a  dangerotis  reef  remained,  eleven  feet  under 
the  water ;  in  the  centre  of  which  was  a  black  volcaoic  rock 
ftifobably  the  remalos  of  the  solid  lava  ejected  durmg  the 
Braption),  surrounded  by  shoals  of  scone  and  sand.  The 
ippearauce  of  the  islandj  when  visited  by  M.  Constant 
E^^vost  ♦  is  shown  in  this  sketch  (Lign.  202),  from  a  draw- 
*  See  hxa  *'  Rapport  eur  le  Voyrure  a  Pile  Julia  ea  1&31  «t  1&32," 
KUif  AaaaJea  dca  Sc.  Nai.  1831,  toL  x^iv.  p.  103. 
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ing  with  which  he  fayoured  me.  From  these  facts  it  is  cer- 
tain that  a  hill,  800  feet  high,  was  here  formed  by  a  sub- 
marine volcanic  vent  in  the  course  of  a  few  weeks.  The 
occurrence  of  shoals  of  dead  fish  will  not  fail  to  remind  you 
of  the  ichthy elites  of  Monte  Bolca  (p.  269)  :  and  there  can 
be  no  doubt  that  vast  numbers  were  ingulfed  in  the  erupted 
•mineral  masses  at  the  bottom  of  the  sea;  and  when  thi9 
ocean-bed  shall  be  elevated  above  the  waters,  and  explorcj^ 
by  some  Agassiz  of  future  times,  the  then  fossil  fish  of  the 
Mediterranean,  imbedded  in  volcanic  tuff,  will  afford  in- 
teresting subjects  for  the  contemplation  of  the  geologist  apd 
the  philosopher. 

20.  SuMMABT  or  Volcanic  phekomeka. — ^I  have  in- 
dulged in  the  foregoing  long  extracts,  because  the  vivid  pictures 
which  they  present  of  volcanic  action  cannot  fail  to  produce 
a  powerful  impression  on  the  mind,  and  cause  it  to  revert 
to  the  principles  enunciated  in  the  first  Lecture,  which  sug- 
gest the  probability  that  the  earliest  condition  of  the  earth, 
and  of  the  worlds  around  u&,  may  have  been  that  of  vapour 
or  fluidity  (p.  48).  Here  we  see  the  most  solid  and  durable 
materials  of  the  globe  reduced  to  a  liquid  state — seas  of 
molten  rocks,  with  their  waves  and  billows,  their  surge  and 
spray,  giving  birth  to  torrents  and  rivers,  -which,  when  cooled, 
become  the  hardest  and  most  indestructible  mineral  masses 
on  the  surface  of  our  planet ! 

The  constant  escape  of  aeriform  fluids  from  volcanic 
vents, — the  irresistible  force  which  such  elastic  vapours 
exert  when  pent  up  and  compressed — an  effect  with  which 
bur  steam-boats  and  locomotive  engines  have  made  every 
one  familiar, — and  the  immense  production  of  such  gaseoun 
elements  which  must  be  taking  place  in  the  interior  of  the 
globe  from  the  igneous  action  which  is  going  on  unremit- 
tiBgly,  afford  a  satisfactory  explanation  of  the  nature  and 
tBOBe  of  earthquakes,*  and  of  those  elevatory  movements  by 

•  See."Geol.  Obafervei,*'  ^^  e^vc.^:  \\^,%t^»\  \^^NJa«sf^^''^^. 
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ch  the  foundationa  of  the  deep  are  broken  up,  and  raiaed 
}  chains  of  niountaini^  thousands  of  feet  above  the  level 
the  sea.  The  volcanic  venta  are,  in  fact,  the  safety- 
?'e8  by  which  the  caloric  and  the  gaseoiis  fluids  from  the 
;rior  of  the  earth  escape  into  the  atmosphere ;  when  these 
unci  a  become  choked  up,  the  confined  gaaea  occasion 
thquakes,  dialoeationB  of  the  rocks  and  atrata^  and  eleva- 
is  of  the  land,  and  at  length  escape  either  through  the 
ner  rents  or  by  opening  new  channels-  Hence,  in  the 
^uage  of  Humboldt,  the  volcanic  force  must  be  con  temp- 
ted as  formative  of  new  rocks ,  and  trans/ormafive  of 
se  which  were  preexisting.  But  the  volcanic  operations 
r  going  on  are  only  a  faintly  reflected  image  of  that  energy 
ich  took  place  in  the  earliest  geological  epochs,  under 
y  different  terrestrial  and  atmospheric  conditions.  The 
t  chasms  and  fissure  a  which  it  is  probable  existed  in  the 
id  portions  of  the  earth's  crust  in  the  ancient  periods, 
Da  the  contractions  which  must  have  taken  place  before 
rigeration  had  proceeded  so  far  m  to  admit  of  aeeiimula* 
OS  of  aqueous  sediments  on  the  primary  mineral  masses, 
^e  since  been  closed  by  the  protrusion  of  mountain-chains 
ough  them,  or  filled  up  by  dykes  of  granite^  porphyryj 
i  b^aJt  * 

4s  the  fragments  of  unmelted  roek,  which  are  occaeionally 
■own  up  from  the  foci  of  volcano  a  apparently  of  enoTmous 
3th,  conaiat  of  granite,  quart^ose  porphyry,  and  the  like, 
He  philosophers  are  of  opinion  that  a  primitive  granitic 
k  was  the  substratum,  and  is  tbe  support,  of  the  super* 
posed  sedimentary  and  fosaihferous  strata, 
tnteub^e  heat  and  chemical  changes,  which  evolve  gaseous 
sours  and  fluids,  are  necessarily  the  immediate  elements 

m,**  2nd  edit  p.  507,  &c.  ^    and  especially  Pliinips'a  *'  Manual  t>f 
ibfy^  1855/*  p.  560,  for  &  reaum^  of  the  latest  researchea  and  opiDioQi 
earthqiiakfii  ii^d  Uieir  causes, 
pownos,  vol.  i,  p,  197^  &c. 
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in  yolcanic  action;  and  the  volume  of  gas  and  yaponr  is  often 
so  great  as  to  uplift  the  molten  laya,  and  at  length  to  bunt 
through  and  escape  in  violent  explosions.  Without  being 
able  to  determine  the  precise  nature  of  the  first  link  in  the 
chain  of  volcanic  action,  we  may  reasonably  infer  that  the 
play  of  electro-chemical  and  electro-magnetic  forces,  whidi 
must  be  incessantly  going  on  among  the  heterogeneouB 
mineral  substances  of  which  the  earth  consists,  is  a  main 
agent  in  producing  the  varied  effects  we  have  been  con- 
templating.* 

Many  ingenious  theories  have  been  proposed  to  account 
for  the  immediate  cause  of  volcanic  action.  Of  these,  the 
oxidation  of  the  metallic  bases  of  certain  earths  and  alkalies 
by  percolations  of  water  into  deep-seated  beds  of  these 
substances,  suggested  by  Sir  Humphrey  Davy,  is  still  powe^ 
fuUy  advocated  by  a  high  authority — ^Dr.  Daubeny;  but 
proof  that  such  bases  do  exist  in  a  metallic  state  in  the  in- 
terior of  the  earth  is  required,  before  the  hypothesis,  how- 
ever ingenious,  can  be  admitted  as  a  vera  causa,^ 

From  the  late  researches  of  Wohler,  Deville,  and  Dau- 
beny, it  appears  that  boron  and  titanium,  and  probably  other 
metals,  such  as  iron,  and  possibly  even  hydrogen,  under 
certain  conditions,  unite  with  gaseous  nitrogen  with  such 
energy  as  to  generate  light  and  heat ;  thus  constituting  a 
genuine  case  of  combustion  in  which  nitrogen,  and  not  oxy- 
gen, acts  as  the  supporter.  The  combination  of  these  sub- 
stances would  thus  fiimish,  like  the  oxidation  of  potassium 
and  other  metalloids,  a  direct  cause  of  volcanic  fire ;  and  the 
subsequent  decomposition  of  their  nitrides  might  be  the 

•  The  various  theories  that  have  been  proposed  to  explain  volcanic 
action  are  considered  with  great  candour  and  perspicuity  by  Sir  H.  d* 
la  Bcche,  in  his  "  Researches  in  Theoretical  Geology.**  See  also  Dau- 
bony,  op,  cit,  chapters  38  and  39. 

t  The  phenomena  attendant  on  the  combination  of  oxygen  with  po- 
tassium, sodium,  &c.— the  rapid  and  violent  evolution  of  heat,  light,  and 
(>X])an.sive  force — must  be  Camlliar  to  the  intelligent  reader 
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cngin  of  the  ammoQia  often  evolved  firom  volcanoa  in  vast 
quantities.* 

Ajiother  hypothetical  cause  of  volcanic  action  has  been 
brought  forward  by  ]\J> .  S,  Macadam,t  based  on  the  known 
conditions  of  bodies  in  a  "  spheroidal  '*  state.  Arguing  irom 
the  properties  of  water  in  a  spheroidal  state,  Mr.  Mae- 
Bdam  suggests  that  water,  having  access  to  subterranean 
earitiea  connected  with  the  central  nucleus  of  fused  mineral 
matter,  asenmea  the  spheroidal  condition,  until,  a  large 
quantity  of  water  having  collected  together,  it  takes  suf- 
ficient heat  from  the  metallic  surface  to  destroy  the  equi- 
librium of  repulsion,  and,  touching  the  metallic  bo  sin,  it  is  in 
great  part  suddenly  converted  into  ateaui, — ^the  mineral  suh- 
Btancea  are  chemically  affected, — and  large  quantities  of  ex- 
plosive vapour  and  gases  soon  acquire  sufficient  force  to  raise 
great  tracts  of  land,  and  to  burst  through  the  surface,  bring- 
ing up  the  fused  Materials  of  volcanos. 

It  is  worthy  of  remark  that  there  are  active  volcanos  both 
in  the  Arctic  and  Antarctic  regions.  8ir  James  Koss  ob- 
eaves  that  ^'  the  earth's  crust,  as  we  approach  towards  the 
pgle  in  the  southern  hemisphere,  presents  the  most  striking 
indications  of  the  vast  subterranean  fires  pent  up  within  it^ 
-^^md,  as  we  BOW  find,  having  vent  in  both  the  frigid  zones : 
the  volcano  of  Jan  May  en  actively  burning  within  the  Arctic 
Grcle ;  and  Mount  Erehue,  rising  from  the  lofty  mountain 
WJige  of  the  newly-discovered  continent  of  Victoria,  to  an 
Altitude  of  more  than  12,000  feet  above  the  Antarctic  Ocean, 
tod  sending  forth  its  smoke  and  flame  to  the  height  of  2000 
feet  above  its  crat«r,  the  centre  of  volcanic  action  in  those 
legions  of  eternal  snow."  J 

•  GcoL  Proceed.  JamiaTy  20.  185R. 

t  In  a  paper  **  On  the  Ceniial  Heftt  and  Density  of  the  Globe,  as  alao 
^Causet  of  Volcanic  Phenomena,"  Eepon  Brit.  Assoc»  185U,  rep,  sect, 

t  Sir  J,  C,  Ross's ''  Voyage  to  the  Sonthnni  Se«^"  Nd*u.  ^.  ^VL^ 
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*  21.  Htpooeite  Rock8.* — We  must  now  enter  upon  a 
more  particular  examination  of  the  Hypogene  (netber-formed) 
or  metaraorphic  and  plutonic  rocks ;  t  those  crystalline 
rock-masRes  which  everywhere  manifest  the  influence  of  in- 
tense heat  under  great  pressure.  It  will  be  convenient  to 
consider  them  under  two  heads :  viz.  Ist,  the  rocks  which 
present  a  stratified  or  laminated  structure,  as  mica-scbist, 
gneiss,  &c. ;  2ndly,  those  which  occur  in  amorphous  masses, 
as  granite,  porphyry,  See. ;  including,  in  this  group,  the 
ancient  volcanic  products,  trap-rocks,  basalt,  &c.,  a  notice  of 
which  we  found  it  requisite  to  anticipate,  when  investigating 
the  fossiliferous  strata  traversed  by  dykes  of  these  sub- 
stances. 

And  here  it  is  necessary  to  premise,  that  an  acquaintance 
with  the  nature  and  appearance  of  the  minerals  that  are  the 
usual  components  of  crystalline  rocks  is  indispensable  to 
enable  the  reader  to  have  a  clear  conc^pflon  of  the  facts 
that  will  come  under  his  notice.  This  knowledge  can  only 
be  acquired  by  the  study  of  specimens;  and  it  would  be  useless 
to  attempt  by  mere  description  to  teach  the  elements  of 
mineralop;y.  In  these  Lectures  I  must  assume  either  that  such 
knowledge  is  possessed  by  my  readers,  or  that  they  will  rest 
satisfied  witli  a  general  idea  of  the  leading  phenomena  em- 
braced in  this  division  of  the  subject.} 

«  See  vol.  i.  p.  206. 

t  For  guide-books  in  the  study  of  the  characters  and  classification  of 
rocks,  the  reader  is  referred  to  those  by  Macculloch,  Brongniart,  Cordier, 
Cotta,  Erdmann,  Naumann,  Senft,  Dana;  &c. 

X  The  elementary  mineralogical  knowledge  necessary  for  this  purpose 
may  be  acquired  by  the  study  of  a  suite  of  specimens  to  be  obtained  of 
Mr.  Tennant,  149,  Strand,  Professor  of  Mineralogy  in  King's  Ck)llege. 
If  the  student  can  have  the  advantage  of  a  few  private  lessons  from  Mr. 
Tennant,  or  can  attend  the  lectures  delivered  in  King's  College,  or  those 
by  other  Professors  at  the  London  University  College,  the  School  of 
Mines,  and  other  Institutions,  his  progress  will  be  more  rapid  and  satis- 
factory than  by  any  other  method.  For  the  advanced  student,  the 
"System   of   Minera\og7"  \)Y  3«tmQ&  \i.  "O^xv^.  (new  edition),  Ne^ 
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Mica^chiH  and  Oneisa, — The  stratified,  laminated,  or  foli-:- 
ated  metamorphic  •  rocks  consist  of  two  chief  groups.  The 
first,  and  usually  uppermost,  is  Mtca-schUty  a  schistose  rock, 
abounding  in  a  mineral  called  mica  (from  its  glittering  ap-, 
pearance),  and  in  quartz,  a  substance  of  which  rock-crystals 
and  the  semi-transparent  pebbles  common  in  most  beds  of 
shingle  or  beach  are  examples.  These  two  minerals  are  dis- 
posed in  alternate  layers,  forming  laminsD  of  greater  or  less 
thickness,  which  are  extremely  contorted  and  undulated. 
Some  of  these  masses,  especially  in  the  upper  portion,  bear  a 
considerable  resemblance  to  the  metamorphic  argillaceous 
schists ;  the  lower  are  of  a  more  quartzose  character,  probably 
from  having  been  subjected  to  a  greater  degree  of  igneous 
action. 

Ofieis8^  consists  of  laminated  and  contorted  bed-like 
masses  of  quartz,  felspar,  and  mica,  irregularly  alternating ; 
and  may,  in  truth,  be  regarded  as  laminated  granite,  for  the 
same  substances  enter  into  their  composition  as  prevail  in 
the  amorphous  masses  of  that  rock.  Gneiss  is  often  found 
associated  and  alternating  with  mica-schist,  quartz-rock, 
clay-slate,  and  hard  granular  limestone.  The  whole  series 
of  stratified  metamorphic  beds  may  therefore  be  considered; 
as  partaking  of  one  common  mineralogical  character,  and, 
with  the  exception  of  the  calcareous  rocks,  may  have  origin- 
ated from  the  disintegration  and  subsequent  consolidation 
of  more  ancient  crystaJline  masses. 

The  stratified  appearance  of  gneiss  and  mica-schist  is 
attributed  by  some  geologists  to  an  arrangement  of  crystals 
of  different  specific  gravities  in  horizontal  planes;  their 
mibsequent  softening  by  heat  admitting  of  the  flexuositi^s 

York ;  Brooke  and  Miller's  edition  of  Phillips*   Mineralogy ;    Nicol's 
Mineralogy;  and  Mitchell  andTennant's  Mineralogy  (Qrr's  Circle),  will'. 
be  found  among  the  best  works  on  the  subject  in  the  English  language.     , 
♦  The  metamorphic  rocks  are  termed  "hypoioit"  ^ot  beVwo  "V^VJ^^ 
rockg  byPbillipa:  see  bia  "Manual,"  chap.  b. 
f  A  German  mining  term. 
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of  these  rocks.  Others  *  believe  that  melted  granite,  upon 
cooling  under  particular  circumstances,  would  assume  a 
stratified  or  ribboned  appearance,  analogous  to  that  of  gneiss ; 
or  might  even  resemble  in  structure  some  aqueous  sediments. 

From  the  researches  of  Mr.  H.  C.  Sorby  it  is  evident  that, 
whilst  some  mica-schists  are  truly  sedimentary  laminated 
beds,  formed  of  the  debris  of  older  granitic  rocks,  others  are 
altered  rocks,  which  owe  their  foliated  character,  as  in  the 
case  of  cleavable  slate-rocks  (p.  835),  to  violent  pressure  (and 
perhaps  chemical  changes)  at  periods  subsequent  to  their 
original  formation.f 

There  are  various  substances  associated  with  this  group,  as 
hombfende-schist,  a  black  or  grey  rock,  chlorite-schist,  a 
green  slaty  rock,  and  the  beautiful  mottled  magnesian  rock 
called  Serpentine^  with  steatite ;  the  latter  are  ofben  con- 
nected with  trap. 

Granite  (so  named  from  its  granular  structure)  is  the 
foundation  upon  which  all  the  strata  of  which  we  have 
spoken  are  superimposed,  and  the  framework  of  the  earth's 
crust;  rising  to  the  loftiest  heights,  and  stretching  into 
mountain-chains,  which  mark  the  grand  natural  divisions  of 
the  physical  geography  of  the  globe. 

Although  presenting  great  variety  in  the  proportion  and 
colour  of  its  ingredients,  granite  is  essentially  composed  of 
three  substances,  which  may  be  easily  recognised  in  the 
blocks  of  which  many  of  our  pavements,  bridges,  roads, 

*  Especially  Naumann  and  Scrope;  "  Considerations  on  Volcanos;" 
Neues  Jahrb.  1847,  p.  297;  Quart.  Journ.  Gaol.  Soc.  vol.  ir.  part  2, 
Miscell.  p.  1 ;  ibid.  vol.  xii.  p.  345 ;  and  above,  p.  856. 

t  Report  Brit.  Assoc.  1856,  rep.  sect.  p.  78.    In  a  paper  by  Mr.  D. 

Forbes,  "  On  the  Relations  of  the  Silurian  and  MetamorpMc  Rocks  of  the 

South  of  Norway,"  in  the  Edinburgh  New.  PHll.  Joum.  new  series, 

January,  1856,  we  have  an  ingenious  attempt  to  show  that  the  foliated 

Tocks  of  much  of  that  district  can  be  hypothetically  related  to  certain  more 

or  less  horizontal  lines,  al  n%\il  «r^^*  \ft  ^^  erlxt^Ixa.^  vertical  planes  of 

file  schists,  and  representing  lYieVme&o^  >Qft^^\Ti%'^\«s\wi^\a'^^TM^«sss»' 

phic  -^Ich  have  induced  V\ve\x  ^x^^^oX.  ^«t>MM\\s5;>aiQw^^ 
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and  other  works  are  constructed.  These  are  «wtca,  koown 
by  its  silvery  or  glittering  aspect, — quartz,  by  its  glassy  ap- 
pearance,— and  felspar,*  which  forms  the  opaque  white, 
pink,  or  yellowish  masses,  oftentimes  seen  in  sections  as 
long  angular  crystals,  which  from  their  size  and  colour  may 
be  readily  detected,  even  by  the  unscientific  observer.  In 
some  species  of  granite,  talc  and  homhlende  occur,  and  the 
mica  is  wanting ;  in  the  former  case  the  rock  is  called  pro- 
togine  ;  in  the  latter  syenite :  those  masses  which  are  com- 
posed of  crystals  of  felspar  in  a  base  of  compact  felspar  con- 
stitute porphyry. 

M.  Bischof  states  that  it  may  be  demonstrated  mathema- 
tically that  all  the  sedimentary  strata,  and  all  the  substances 
endosed  in  drusy  cavities,  are  derived  from  the  plutonic. 
crystalline  rocks ;  these  have  furnished  the  materials,  and 
water  has  conveyed  the  quartz,  calcareous  spars,  heavy  spars, 
metals,  and  other  substances  which  fill  such  cavities. 

One  of  the  most  important  advances  towards  a  knowledge 
of  the  exactnature  and  origin  of  granite  has  been  made  by  Mr. 
H.  C.  Sorby,  in  his  memoir, "  On  some  Peculiarities  in  the 
Microscopical  Structure  of  Crystals,  applicable  to  the  deter- 
mination of  the  Aqueous  or  Igneous  Origin  of  Minerals  and 
Bocks,"  read  before  the  Geological  Society  in  December, 
1857,  In  this  paper  many  curious  facts  were  described, 
relating  to  the  minute  cavities  contained  in  nearly  all 
crystals,  and  sometimes  occupied  by  fluid,  sometimes  by 
stony  matter ;  and  it  was  shown  that  many  crystals  must 
have  formed  when  both  melted  rock  and  water  were  present ; 
this  water  being  in  such  an  expanded  state  as  would  indicate 
a  red  heat,  since  some  of  the  "  fluid-cavities  "  in  the  crystals 
serve  as  self-registering  thermometers.  It  turns  out  that 
granite  is  a  rock  that  was  formed  in  this  way.     It  is  an 

*  Kaolin  or  porcelain-eartli  is  formed  by  the  decomposition  of  alka- 
line felspar.  "  See  Memoire  sur  les  Kaolins  ou  ar^Ve^  ^^w^'feVNO^fe"  \s^ 
M.  Alex,  BroDgniart;  Archives  du  Musfeum  d.*YlVa  •'^^XA^'^  ^bs^^SSM.* 
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aqueo-igneous  rock ;  being  really  due  to  combined  agency 
of  both  water  and  fire :  and  hence,  observes  Mr.  Sorby, 
have  arisen  the  discussions  as  to  whicTi  it  is — Neptunian 
or  Plutonic.  Indeed  Mr.  Sorby  finds  in  some  minerals  eject- 
ed from  volcanos,  and  probably  formed  deep  down  at  their 
base,  conditions  analogous  to  those  which  he  observes  in 
granite.* 

22.  MiCA-scHiST  AND  Gneiss. — These  rocks  are  widely 
spread  over  and  around  the  masses  of  unstratified  plutonic 
rocks.  They  occur  in  Caernarvon  and  Cumberland,  but  are 
of  inconsiderable  extent  in  England.  In  Scotland  they  ex- 
tend over  great  part  of  the  Highlands,  and  largely  preyail 
in  the  Hebrides ;  they  form  mountain-ranges  in  the  north 
of  Ireland,  and  cover  large  areas  in  Londonderry  and 
Donegal. 

The  gneiss  of  the  Northern  Highlands  is  of  two  distinct 
ages.  There  is  the  old  gneiss  of  Cape  Wrath  and  the  shores 
of  Eosshire,  on  which  rests  the  Cambrian  conglomerates  of 
the  Eoss  Mountains  (see  p.  806)  ;  and  the  younger  gDeiss- 
ose  rocks  of  the  eastern  part  of  Sutherland,  which  overlie 
the  fossilLferous  limestones  of  Durness,  and  are  altered  strata 
of  Silurian  age.  An  instance  of  secondary  gneiss  resting 
on  lias  occurs  in  Switzerland. 

The  most  striking  features  of  these  rocks  are  the  flexures 
and  contortions  in  which  they  are  so  generally  folded ;  pro^* 
ing  the  soft  and  ductile  state  in  which  the  component  ma- 
terials must  have  existed  ;  for  they  present  every  variety  of 
sinuosity  and  curvature  imaginable. 

The  Tale  of  Lewis  (one  of  the  Hebrides),  so  admirably 
illustrated  by  Dr.  Macculloch,  is  remarkable  for  the  contor- 
tions observable  in  its  precipitous  cliffs  of  gneiss,  and  the 
innumerable  granite -veins  with  which  they  are  traversed. 
The  face  of  the  rocky  cliffs  appears  like  veined  marbled 
paper ;  and  the  imagination  can  scarcely  conceive  an  intn- 
•  See  A^Tpipendix  A. 
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eacy  or  interla  mi  nation  of  this  nature,  of  which  aresem- 
blance  could  not  be  found  in  the  cH^s  of  Lei^^na.* 

From  the  decomposition  and  falling  away   of  the  mir* 


roimdinp;  parts  of  the  rocks  near  Oreby,  an  interesting,  per- 
haps solitary,  example  occurs  of  a  bent  and  detached  masp 
of  gneisij  about  thirty  or  forty  feet  high  {Lign.  203)^  and 
wliicb  forms  a  highly  interesting  aiid  pietureaque  object. 

23.    COTfTOBTIONS    OF    CRYSTALLIKE    ROCKS.  —  The   CUr- 

vatures  and  fleiurea  of  rocks  largely  composed  of  quartz  ia 
a  eubject  of  great  interest  in  another  point  of  view,  becauj^e 
it  bears  iipon  tbe  question  as  to  the  solution  and  deposition 
of  silex ;  a  process  which  appears  to  have  been  going  on  in 
the  crust  of  the  earth  from  the  formation  of  the  most 
ancient  granitic  rocks  to  the  deposits  now  in  pro^s^. 
I  have  before  remarked,  that  the  appearance  of  some  of  the 
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silicious  infiltrations  in  the  tissues  of  sponges,  ventriculites, 
and  other  zoophytes,  and  even  in  the  intimate  structure  of 
wood,*  when  seen  under  a  highly  magnifying  power,  is  that 
of  a  viscid  fluid,  or  plastic  paste,  pressed  into  the  interstices 
of  the  tissue,  rather  than  that  of  the  percolation  of  a  mineral 
solution,  or  of  a  metamorphism  of  the  organism,  as  in  other 
examples  of  silicified  animal  and  vegetable  structures. 

Experiments  have  shown  that  melted  quartz,  unlike  alu- 
mina, retains  its  viscidity  for  some  time  when  cooling,  and 
may  be  drawn  out- in  threads  ;t  and  M.  Jobert  states,  that 
in  graphic  granite  he  has  found  the  quartz-crystals  in  the 
midst  of  the  felspar  flattened  and  contorted,  as  if  they  had 
been  strongly  pressed  between  the  felspathic  matter4 

These  facts  seem  to  ofler  «n  explanation  of  the  flexures 
and  curvatures  in  quartz-rocks  and  gneiss:  and  they  are 
brought  forward  by  Mr.  Darwin,  with  his  usual  acumen,  to 
illustrate  the  origin  of  the  remarkable  duplications,  and  ab- 
ruptly arched  positions,  of  the  stratified  quartz-rocks  in  the 
Falkland  Islands.  Some  of  the  hills,  he  observes,  are  com- 
posed of  quartz-strata  doubled  on  themselves,  with  the  axis- 
plane  thrown  quite  over, — the  quartz  must  therefore  have 

*  As  for  example,  in  some  of  the  fossil  wood  from  Egypt  and  Australia; 
see  p.  727. 

t  M.  Gaudin,  quoted  by  Mr.  Darwin. 

X  M.  Alexar'3er  Brongniart  attributes  the  formation  of  all  agates  and 
chalcedonies  to  the  viscous  or  gelatinous  condition  of  the  mineral  matter; 
and  that  of  hyaline  quartz  and  rock-crystal  to  the  perfect  fluidity  of  the 
dissolved  silica.  "  Lorsque  la  silice  a  et^  compl^tement  dissoute,  et  par 
consequent  dans  un  ^tat  de  liquidity  parfait  %  elle  a  cristallis6  et  produit 
le  quarz  hyalin.  Mais  lorsqu'elle  ^tait  en  consistance  g^latineuse,  elle  a 
produit  les  silex  et  surtout  ceux  qu'on  d6signe  par  le  nom  general  d'agate 
et  de  calc6doine.** — Easai  sur  lea  Orbiculea  ailiceux,  Ann.  Sciences  Nat. 
1831,  vol.  xxxiii.  p.  200. 

In  the  specimen  of  Trigonia  from  Tisbury,  previously  mentioned 
(p,  527 )f  the  branchim  are  completely  silicified ;  and  some  of  these  fila- 
nentBf  when  examined  undex  a  \i\^  ^a^et^  ^orw  *Oca  ^cbicuiar'  structure 
!iic2i  characterizes  chalcedomc  %\\\c\i.. 
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been  in  a  pasty  condition  when  it  suffered  without  fracture 
such  abrupt  curvatures.  Mr.  Darwin  states  that  the  de- 
tached concentric  layers  resembled  gigantic  semi-cylinders 
of  quartz,  like  draining-  or  ridge-tiles.  One  specimen  was 
twenty  feet  long  and  twelve  in  diameter.* 

It  would  appear,  therefore,  that  silex  or  quartz  may  be 
formed  in  two  ways:  by  the  action  of  thermal  waters 
(p.  93,  &c.),  and  by  the  influence  of  intense  heat.  The  re- 
mark of  Professor  Keilhau  here  applies  with  equal  force  as 
to  the  experiments  which  called  it  forth:  —  "The  greater 
part  of  the  crystalline  rocks  have  an  entirely  hidden  origin 
and  development.  Chemistry  alone  cannot  decide  this 
question,  for  the  same  minerals  can  be  composed  in  nature 
by  different  processes.  By  the  side  of  the  celebrated  fact 
which  showed  the  possibility  of  the  formation  of  felspar  by 
heat,  we  can  now  place  experiments  which  prove  the  pos- 
sibility of  producing  felspar  in  the  moist  way." 

Mica-schists  and  gneissic  rocks  are  widely  expanded  over 
Europe  and  America;  and  everywhere  abound  in  metal- 
liferous veins.  They  are  of  various  ages ;  and  their  meta- 
morphic  character  is  proved  by  the  occurrence  of  gneiss, 
mica- schist,  and  talco8e->chist  in  the  Alps,  Apennines, 
Andes,  and  AUeghanies  under  circumstances  showing  that 
their  crystalline  structure  has  been  acquired  since  the  origin 
of  many  of  the  fossiliferous  strata ;  even  in  some  instances 
long  after  the  deposition  of  those  which  repose  directly 
upon  them.  On  the  other  hand,  the  gneiss  of  Kinnekulle 
in  Sweden,  or  of  the  Falls  of  Montmorenci,  and  many  of 
the  unstratified  or  plutouic  rocks  of  the  Adirondach  moun- 
tains, west  of  Lake  Cham  plain,  are  of  older  date  than  any 
strata  in  which  organic  remains  have  yet  been  found.f 
In  the  North  Highlands  of  Scotland,  as  already  stated 

•  Mr.  Darwin,  On  the  Geology  of  the  Falkland  Islands ;  Quarterly 
Geological  Journal,  vol.  i'.  p.  267. 
f  Sir  a  Lyell'a  Travels  in  Ameiica,  vo\.\\.  y*  Vi^. 
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(p.  809),  we  have  both  an  old  primordial  gneiss  and  a  younger 
inetamorphic  gneiss  within  a  section  of  a  few  miles  in 
length.* 

24.  Basalt  oe  Teap. — The  consideration  of  the  ancient 
volcanic  rock  designated  by  the  various  names  of  Whinj 
Trap,  Basalty  and  Clinkstone  will  next  engage  our  attention. 
Basalt  occurs  in  veins  or  dykes,  which  traverse  rocks  of  all 
ages ;  it  also  occurs  in  layers  spread  over  the  surface  of  the 
strata,  or  interposed  between  them.  Many  modern  larte 
difier  so  little  from  basalt,  that  it  is  unnecessary  to  adduce 
proof  of  the  volcanic  nature  of  this  rock.  Dr.  Macculloch 
observes,  that  from  lava  to  basalt,  and  from  thence  to  syenite, 
porphyry,  and  granite,  there  is  an  uninterrupted  succession; 
as  agents  in  geological  changes  trap  and  granite  are  identical; 
and  that  it  is  a  mere  dispute  about  terms  to  refuse  the  name 
of  submarine  lavas  to  basaltic  dykes.  They  are  as  much  the 
product  of  extinguished  volcanos,  as  the  basalts,  lavas,  aod 
tuffs  of  Italy  are  the  result,  in  some  cases,  of  extinct,  and, 
in-  others,  of  active  volcanos.f  Beds  of  felspathic  and 
basaltic  materials,  of  a  friable  and  coarse  texture,  are  often 
found  in  the  older  rocks ;  these  are  volcanic  ashes  and  grits, 
that  have  been  formed  at  the  bottom  of  the  sea,  during  the 
accumulation  of  the  sedimentary  mat"ter  vnth  which  they 
are  associated  (psSlS).  In  some  places  they  appear  as  cur- 
rents or  sheets  of  pure  volcanic  materials ;  at  others  they 
envelope  marine  remains,  pebbles,  sand,  and  fragments  of 
rocks ;  some  layers  consist  of  fine  volcanic  scoriae  passing 
into  sand ;  and  all  these  varieties  alternate  with  beds  com- 
posed exclusively  of  shelly  and  marine  sediments ;  so  that 
no  doubt  can  be  entertained  that  the  diversified  masses,  thus 
arranged  in  parallel  strata,  must  have  been  formed  during 
the  same  period  of  igneous  action.  These  evidences  of  an- 
cient volcanic  operations  are  similar  to  those  observable  in 
the  modern  deposits  of  Sicily,  where  banks  of  existing  species 

*  See  *'  Siluria,'*  2nd  edit.  p.  199.     t  System  of  Geology,  vol.  ii.  p.  H^- 
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of  inarme  »helli«  now  at  considerable  height*  above  the  aea, 

art;  so  intercalated  i^-ith  volcanic  matter^  that  do  other  ia- 
ierence  can  be  drawn  than  that  the  whole  were  of  con- 
temporanaous  marine  formation,* 

The  most  remarkable  fonn  assumed  by  basalt  is  that  of 
regular  pLIlara,  or  columna,  clustered  together ;  a  character 
also  observable  in  some  recent  lavas  ;  the  eoluinaar  basal ta 
of  the  tertiary  epoch  have  already  been  noticed  (iroLi.  p.271). 
This  columnar  structure  has  been  proved,  by  some  highly 
interesting  eiperimentB,  to  have  originated  in  the  manner  in 
which  refrigeration  took  place.  Mr.  Grregory  Wattt  melted 
seven  hundred  weight  of  basalt  from  Bowiey  Eegis  (p.  813), 
and  kept  it  in  the  furnace  several  days  after  the  fire  ^^a* 


^(|.  1 .    A  TaicM-k  ipdtnewhfit  dfCfnafKued,  fMTtljJlj  «xHlhltlafc  the  prtmidtf  ■phei^tdil  fljrnir  nf 

reduced.  It  fused  into  a  dark-coloured  vitreous  mass  with 
letss  heat  than  was  necessary  to  melb  pig-iron  ;  as  the  mass 
cooled,  it  changed  into  a  stony  substance,  and  globules  ap- 
peared; these  enlarged  until  they  pressed  laterally  against 
each  others  and  became  converted  into poJ^jonal  prkms,^ 


I 


•  Sllarifin  System,  p.  75.       f  PhlUisopUlcsil  TttLUsaclifixia  fo^  IS^-L 
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The  articukted  structure  and  regular  forms  of  basaltic 
columns  have,  unqueetionably,  resulted  from  tha  crjstallin« 
arrangement  of  the  particlea  in  cooling  j  and  the  concavitiefl, 
or  sockets,  have  been  formed  by  one  set  of  priems  preeaiog 
upon  others,  and  occasioning  the  upper  spheres  to  sink  into 
tlioBe  beneath;  thus  the  different  layers  of  spheres  hmt 
been  articulated  together,  as  in  the  basaltic  columns  of  tb 
Giants*  Causeway  {Lipt.  204) . 

PrcK>fa  of  the  correctness  of  this  inference  are  afforded  by 
the  occurrence  of  a  spheroidal  nucleus  enveloped  by  a  poly- 
hedral block  of  basalt ;  aod  from  the  fact,  that,  when  tkii 
rock  is  not  divided  into  regular  prismatic  columns,  it  offeti 
forms  laminated  spheroids,  which,  yarying  in  size,  constitute 
hy  aggregation  extensive  maases.  The  positioii  of  the 
<jolumii8  presentB  every  v&riety  from  the  perpendiculiir  to 


k 
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thehoriKontol;  this  has  arisen  from  corresponding  (}iff*^refl^ 
in  the  direction  of  the  cooling  aurfaccH,  for  the  prisms  m 
found  to  be  always  at  right  angles  with  the  surface  of  refri- 
geration ;  the  horizontal,  inclined,  and  curved  colunini  d 
ba&filt,  which  occur  in  tfee  Isle  of  Staffa,  and  elsewherej  hivie 
originated  from  this  cause. 
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PeS5.  Isle  of  Stapfa  ;  Fisgal's  Catb. — Mmy  of  the 
Hebridee,  or  Western  Isles  of  Scotland,  are  almost  wholly 
oompoaed  of  trap-rocks.  Of  these  Staffa*  is  the  moat  cele* 
bmted^  on  account  of  a  deep  chasm  or  recess  situated  in  a 
niBgnificent  group  of  vertical  columnar  basalt,  and  wliich 
has  been  produced  by  the  inceesant  action  of  the  surgee  on 
the  base  of  the  cliff.  This  natural  cavern  is  of  t^ingolar 
beauty,  and  ia  known  to  the  English  tourist  by  the  name  of 
^n^aVa  Cave ;  bnt  it  is  called  by  the  islander  a  Naimh-him, 
or  the  Cave  of  Music,  from  the  murmuring  echoes  occasioned 
by  the  billows,  which  in  rough  weather  dash  with  violence 
and  a  loud  noise  into  the  cbaBm. 

The  lale  of  Staffa  is  a  complete  mass  of  columnar  basalt ; 
it  is  about  two  miles  in  circumference,  and  forms  a  table-land 
of  an  irregular  surface,  being  surrounded  on  every  side  by 
steep  difsj  about  seventy  feet  high,  which  are  composed  of 
clusters  of  angular  columns,  posaesaing  from  three  to  aii  or 
seteii  sides.  It  is  intersected  by  one  deep  gorge,  which 
divides  the  higher  and  more  celebrated  columnar  portion 
from  the  other  division  of  the  island.  At  the  highest  tides, 
the  columns  which  form  the  south- western  cliffs  appear  to 
terminate  abruptly  in  the  water;  but  the  retiriDg  tide  ex- 
poses a  causeway  of  broken  columns  at  their  base.  The 
greatest  elevation  of  the  island  ia  about  120  feet,  and  its 
auiface  is  covered  with  soil  of  considerable  depth,  clothed 
^ith  herbage.t 

FiugaVs  Cave,  first  made  known  to  the  public  in  1772, 
by  Sir  Joseph  Banks,  is  on  the  south-east  corner  of  the 
island,  and  presents  a  magnificent  chasm  42  feet  widt;,  and 
2^7  in  length.  The  roof,  which  is  ICX)  feet  high  at  the 
^trance,  gradually  dimioisbes  to  50,  and  ia  composed  of  the 
projecting  eitreinities  of  basaltic  columns;  tb©  aides  are 
formed  of  perpendicular  pillars  5  and  the  base  consists  of  a 
causeway  paved  with  the  tru ideated  ends  of  similar  columns. 

•  S?fl#a,  &  Norse  Icrm,  signify ing  a  staff  or  colutoiv.  \  X)t,'a^c^a<3B. 
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The  vaulted  ikmh  presenti  a  singtilnrly  rich  and  varied  efectj 
IQ  some  pkees  it  is  composed  of  the  eada  of  portions  oi 
baaaltic  pillars,  resembling  a  tessellated  marble  pavement  j 
in  others,  of  the  rough  surface  of  the  naked  rock ;  while  m 
many,  etmlactites  mingle  with  the  pillars  m  the  recedes,  imd 
add,  by  the  contrast  of  their  colours^  to  the  pictorial  effect, 
which  is  still  further  heigh  tinned  by  the  ever-varying  reflecti^i 
light  tbri>wQ  from  the  surfaue  of  the  water  that  tUli  tli* 
bottom  of  the  cave. 

The  depth  of  the  water  is  nine   feet,  and  a  boat  cift 
therefore  reach  the  extremitf  of  the  cave  in  t<)lerftblv  film 


^ 


weather ;  but,  when  the  boisterous  gales  of  that  nortl^ 
clime  drive  into  the  cavern,  the  agitated  waves,  dashiag  ad 
breaking  against  the  rocky  sides,  aud  their  roar  echoed  iiti 
increased  power  from  the  roof,  present  to  the  eye  mJi* 
such  a  scene  of  grandeur  aa  bids  defisjice  to  any  defioriptM* 
The  short  columns  composing  the  nntural  causeway  befurt 
meiitiooud  cuntiaue  within  the  cave  on  each  side,  and  fi^rut 
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a  bmken  and  irregular  path,  wbict  allows  a  skilful  and  fear- 
less climber  to  reajch  the  extremity  on  the  eaatem  side  on 
foot :  hut  it  is  a  task  of  danger  at  all  times,  and  ini possible 
at  high  tide,  or  in  rough  weather.  It  would  be  uselesa, 
abserves  Dr*  Maeculloch,  to  attempt  a  deseription  of  the 
picturesque  effect  of  a  scene  which  the  peneil  itself  is  inade- 
quate to  portray.  Bvan  if  tins  cave  were  destitute  of  that 
order  and  aymmetrjj  and  that  richness  arising  from  the 
multiplicity  of  its  parts,  combined  with  its  vast  dimensions 
mi  simple  style,  which  it  posaeaaesj  still  the  prolonged 
length,  the  twilight  gloom  half  eoncejiling  the  playful  and 
varying  effects  of  reflected  light,  the  echo  of  the  measured 
lurge  as  it  rises  and  falls,  the  trausparent  green  of  the  water, 
tod  the  profound  and  fairy  solitude  of  the  wnoie  scene,  could 
Hot  fail  strongly  to  impress  a  mind  gifted  with  any  sense  of 
beauty  in  art  or  in  nature.* 

The  basalt  of  which  the  oolumua  are  composed  is  of  a 
datk  greenish-black  hue;  a  thin  layer  of  silicious  cement 
occurs  between  the  joints  or  articulations,  which  is  called 
mortar  by  the  islaiiders,  and  strengthens  their  persuasion 
that  this  wonderful  cave  is  the  work  of  art-  Another  cave, 
but  of  inferior  dimensions,  Ues  at  a  short  distance }  and  many 
others  of  leas  note  are  seen  in  various  parta  of  the  cliffs,  into 
Which  the  sea  breaks  with  a  noise  resembling  that  of  distant 
heavy  ordnance. 

26.*    fc^TRATA  ALTEHED    BY    CONTACT   WITH   BaSALT, — In 

Ireland  a  magnificent  range  of  basaltic  pillars  eitenda  along 
the  northern  coast  of  Antrim,  It  consists  of  an  irregular 
group  of  hundreds  of  thousands  of  pentagonal,  jointed, 
basaltic  columns,  varying  from  one  to  five  feet  in  tliickness, 
^nd  from  twenty  to  two  hundred  feet  in  height.  The 
Btmcture  of  these  masses  I  have  already  described;  their 
prevailing  colour  is  a  dark  greenish-grey.  Along  the  shore, 
a  vast  area  ia  covered  hy  the  truncated  ends  of  upright 

*  Macculloch^s  Western  Ulet. 
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columns,  the  upper  parts  of  which  have  been  swept  away 
by  the  action  of  the  waves.  The  surface,,  therefore,  pre- 
sents the  appearance  of  a  pavement  composed  of  enormous 
angular  blocks  of  stone ;  whence  has  originated  the  popular 
name  of  the  QianU^  Causeway,  In  the  cliffs,  a  natural 
cavern  has  been  excavated  by  the  inroads  of  the  waves,  about 
sixty  feet  high,  and  of  great  picturesque  effect ;  the  en- 
trance is  nearly  thirty  feet  in  width,  and  the  walls  are  formed 
of  dark  basalt. 

But  the  great  interest  of  this  spot,  in  a  geological  poiot 
of  view,  is  the  altered  structure  observable  in  the  sediment- 
ary rocks  wherever  they  are  in  contact  with  the  baaalt. 
The  Chalk,  in  this  part  of  Ireland,  constitutes  a  line  of  clifib 
traversed  by  trap,  which  occurs  in  vertical  dykes,  and  in  ex- 
tensive beds,  and  has  a  columnar  structure. 


12  4  3         S  6  2  1 

Lion.  207.— Tkap-dykes  traveksino  Chalk  :  in  the  Isle  of  Rathlin.* 

1,  1.  Chalk. 
*  2,  2,  2.  Chalk  changed  iato  granular  marble  by  contact  with  the 

Trap-dykes. 

3.  A  narrow  Trap-dyke  or  vein  (1  foot  thick)  traversing  altered 

Chalk. 

4.  Trap-dyke,  85  feet  wide. 

5.  Trap-dyke,  20  feet  wide. 

The  chalk-strata  have  a  total  thickness  of  about  270  feet, 
aud  rest  on  a  green  sandstone,  called  mullcttoe,  which  is  the 
equivalent  of  the  Upper  Greensand  of  the  south-east  of 

♦  See  the  Memoir  by  Conybeare  and  Buckland,  Geol.  Trans,  vol.  iii- 
p.  19(5,  &c.  The  student  may  also  with  advantage  consult  Porilock's 
"  Report  on  Londonderry,"  &c.  for  an  account  of  the  Chalk  and  Basalts 
of  the  Antrim  coast;  also  Mr.  E.  Hull's  paper  in  the  Edinb.  New.  Phil. 
JouTU.  new  series,  vo\.  v.  p.  b^. 
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Dgland  (toL  i.  p,  301)  ;  it  contaiiiB  AJnt-noduleF,  ammo- 
tee,  beleraites,  echini  tea,  terebratiilsB,  and  other  usual 
ibiIb  of  tbe  cretaceoua  formation. 

In  the  lile  of  Kathlin,  nearly  vertical  dykes  of  basalt  are 
en  intersecting  the  chalk  (as  in  this  sketch,  Lign.  207), 
aich  at  the  line  of  contact,  and  to  an  extent  of  Beveral  feet 
ym.  the  wall  of  the  dyke,  k  completely  metamorphosed. 
loee  portions  of  the  chalk  which  have  beea  exposed  to  the 
treme  influence  of  the  trap  are  now  a  dark -brown  crys- 
Dine  rockj  the  crystals  running  in  flakes,  like  those  of 
naree  crystalhne  limestone ;  in  the  next  state  tbe  rock  is  of 
saecharoid  structure ;  then  fine-grained  and  arenaceous ;  a 
impact  variety  with  s  porceUaneoua  aspect,  and  of  a  bluish- 
fej  colour,  succeeds ;  this  gradually  becomes  of  a  yeDow- 
b-white,  and  passes  insensibly  into  unaltered  chalk.*  The 
ints  in  the  hardened  chalk  are  either  of  a  yellowish  or  deep- 
ed colour,  and  the  chalk  itself  is  highly  phosphorescent.  The 
Mails  are  much  indurated,  but  retain  their  usual  appearance* 

To  the  south  of  Fairhead,  in  the  county  of  Antrim, 
^nite  traverses  mica- schist  and  chalk,  and  fragments  of 
le  latter  are  impacted  in  the  erupted  mass^  being  changed 
3to  granular  marble. t  The  geological  structure  of  that 
art  of  Ireland  consists  of— 1,  Tbe  underlying  rocfc,  Miear 
iWat ;  2.  Coal-shale ;  3,  Triasaic  strata  ;  4.  Chalk.} 

In  this  place  it  is  necessary  to  remind  tbe  reader  of  the 
tatnples  of  intruded  basaltic  rocks  which  have  been  no- 
eed  in  the  former  part  of  this  lecture,  when  treating  of  the 
di&ozoic  formations ;  viz.  the  trap  of  Dudley  (p.  700  and 
LI),  of  tbe  Malvern  and  Abberley  Hills  (p.  815  and 
18),  &c. ;  the  toad-stones  of  Derbyshire  (p.  698),  and  the 

•  Dr.  Berber  on  tlii!  Geological  Features  of  the  North-east  of  Irelftud, 

Jftl.  Trans,  Jst  ser.  vol,  iii.  p.  172. 

f  The  bcnulifiil  atHltiary   marbl#  of  Carrara  is  juriiasic   Iitiiestone, 

tamorphoaed  by  ihe  Influence  of  coniijmoiis  igncoiia  rocks^ 

X  Ut.  GfiHilbSp  Traua*  Geol,  Soc.  2ad  ser.  vol.  v.  ^.  179,  &c. 
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Whin-sill  •  of  Yorkshire.  The  latter  is  an  enormous  ba- 
saltic dyke,  which  traverses  the  island  from  the  Tees  toBobin 
Hood's  Bay,  and  intersects  all  the  strata  from  the  lowermost 
beds  of  the  coal-measures  to  the  oolite  inclusive. 

27.  Teap-btkbs  in  the  Isle  op  Skte. — In  the  Isle 
of  Skye  the  intrusions  of  basalt  are  on  a  large  scale,  and 
present  many  important  and  instructive  examples  of  the 
disturbance  and  altfered  character  of  the  sedimentary  rocks, 
that  have  been  exposed  to  their  influence.  From  the 
numerous  sketches  that  illustrate  Dr.  Macculloch's  work  on 
the  Western  Isles,t  I  have  selected  the  one  before  us 
{Lign,  208),  as  exhibiting  vertical,  oblique,  and  horizontal 


•  4 

Lioy.  208— TRAP-DTKB  OM  THE  COAST  OF  TbOTTZBNISH.  m  THX  IBLK  OF  8KTE. 

a.  Vertical  Trap. 

h,  e,  d,  Trap-veins  tent  off  from  the  mass  «• 

«,  Strata  of  sandstone. 

veins  or  dykes ;  a  large  mass  of  trap  is  seen  abutting,  at  a, 
against  the  sandstone-strata  e ;  and  giving  off  a  thick  ho- 
rizontal stream,  which  sends  off  branches  both  upwards  (b) 
and  downwards  (d),  and  finally  divides  into  three  small 
veins  (c,  c,  c). 

In  the  cliffs  at  Straithaird,  in  the  Isle  of  Skye,  the  sand- 
stone-strata are  traversed  by  numerous  vertical  dykes  and 
veins  of  trap ;  and  the  latter  in  many  places  have  decom- 

*  See  Prof.  Sedgwick's  valuable  Memoirs,  on  the  Trap-rocks  of  York- 
shire and  Durham,  in  the  Transact.  Cambridge  Phil.  Soc.  vol.  ii.  p.  21, 
and  p.  139. 

t  This  work  should  be  referred  ^o,  in  order  to  obtain  an  adequate 

^4mL  oS  the  extent  and  complexity  of  the  trap-dykes  and  veins  in  the 

(^  Skye  and  oihers  o£  \he  HeVirAft^.    ^^^  ^^^'c*  '^x .  Ci^^\a*8  Memoir 

le  Geology  of  Strath  itv  Sk^e,  Qvxmx..  Jo\«\i.c^^ci\.  ^v^^^.  n^\.  tIv*  ,>\^ 
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posed,  and  left  perpendicular  fissures,  as  is  shown  in  the 
annexed  sketch  {Lign,  209)  ;  the  reverse  of  the  phenomena 
observable  in  the  Val  del  Bove  (p.  865). 


UON.  a09.— ySRTICAL  CBAMirELS  IX   SANDSTOKX-STaATik,  LRFT    BT    DBCOMPOAED  TRAP- 
DTKE8;  AT  8TRAITBAIBD,  ISLB  UP  8KTK. 
(]>r.  MaeeuUoeh'B  WnUm  Ul9$.) 

Porphyritic  dykes  and  veins  also  occur  abundantly  in  the 
same  island,  in  some  instances  protruding  through,  and  in 
others  spreading  over  clay-slate,  red  sandstone,  and  shelly 
limestone. 

In  some,  of  the  slate-districts,  where  the  trap  has  burst 
through  and  overflowed  the  strata,  fragments  of  slate  are 
found  imbedded  in  the  basalt,  appearing  to  have  been  de- 
tached from  the  rock  at  the  intrusion  of  the  lava,  and  en- 
veloped while  the  latter  was  in  a  state  effusion. 

Sometimes  the  fractures  and  displacements  of  the  strata 
are  on  so  small  a  scale  as  to  exhibit  the  relative  connexion 
of  the  separated  portions,  as  shown  in  this  sketch  of  trap 
intruded  between  sandstone,  in  the  Isle  of  Arran  {Lign.  210, 
fig,  4).  This  island,  which  is  the  largest  in  the  Eirth  of 
Clyde,  presents,  like  the  Isle  of  Wight  in  the  south-east  of 
England,  an  epitome  of  the  geology  of  the  neighbouring 
mainland.  There  "  the  four  great  classes  of  rocks — the  fos- 
nliferous,  volcanic,  plutonic,  and  metamorphic — are  all  con- 
spicuonsly  displayed  within  a  very  small  area,  and  with  their 
peculiar  characters  strongly  contrasted."  * 

•  Ljell's  Manna],  5Ui  edit  p.  569.  I  mnch  regret  thai  my  Uflrff 
win  not  adroit  of  a  detailed  notice  of  thk  moid  Vn\ct«i0do%\gdMMk.\  w 
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28.  Gbanite. — VariouB  modifications  of  the  compound 
mineral  termed  granite  (see  above,  p.  882)  constitute  a  great 
proportion  of  the  hypogene  rocks,  and  are  found  almost 
everywhere  beneath  the  gneiss  and  mica-schist,  and  often 
in  contact  with  strata  of  the  secondary  and  even  tertiary 
formations.  In  the  British  Isles  granite  appears  in  Gkdway, 
Donegal,  Armagh,  and  Down,  Wicklow  and  Carlow ;  *  in 
Cornwall  and  Devon ;  Pembrokeshire ;  Anglesea ;  Kirkcud- 
brightshire ;  Aberdeenshire,  <&c. ;  and  .forms  the  nucleus  of 
Skiddaw,  Shapfell,  Ben  Nevis,  and  other  mountain-peaks. 

GrranUe'Veins,\ — G^ranite  often  occurs  in  dykes  and  veins 
which  traverse  not  only  other  rocks,  but  also  the  preexist- 
ing masses  of  granite ;  proving  that  the  formation  of  tbis 
mineral  has  taken  place  at  various  and  distant  periods. 
Veins  are  fissures  or  chasms  produced  in  rocks  either  by 
mechanical  disturbance,  or  by  contraction  of  the  mass  dur- 
ing its  consolidation  or  refrigeration,  and  which  have  been 
filled  by  subsequent  infiltration  or  sublimation,  or  by  in- 
jections of  mineral  matter  in  a  state  of  fusion  from  a  sub- 
terranean source.  Although  many  metallic  veins  are  syn- 
chronous with  the  rocks  they  traverse,  having  been  formed 
by  segregation  during  the  consolidation  of  the  mass,  yet  the 
veins  and  dykes  of  volcanic  matter  are  obviously  of  later 

must  refer  the  reader  to  the  work  cited,  and  to  the  excellent  guide  to  the 
Geology  of  the  Isle  of  Arran,  by  Prof.  Ramsay.  See  also  Prof.  Phillips's 
**  Manual  of  Geology,*'  1855,  p.  503,  &c.,  for  some  interesting  details  and 
sketches  of  the  general  geology  and  plutonic  rocks  of  Arran. 

*  Some  instructive  observations,  by  the  Rev.  Prof.  Haughton,  on  the 
composition  of  some  of  the  Granites  of  Ireland,  illustrated  by  numerous 
analyses,  and  accompanied  by  remarks  on  the  relative  distribution  of 
the  several  varieties  of  potash-granites  and  soda-granites,  will  be  found 
in  the  Quarterly  Journal  of  the  Geological  Society,  vol.  xii.  p.  171,  and 
also  in  a  second  Memoir  read  before  the  Society  in  January,  1858. 

t  See  De  la  Beche's  **  Geol.  Observer,"  2nd  edit.  p.  575,  for  descrir* 
tions  and  illustrations  of  these  phenomena.  Also  Phillips's  **  Manual," 
p.  508. 
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rig:i!i  than  the  beds  in  wklch  tliej  aare  intfuded.  Thus  the 
mnite*v^eiii8  repreflented  in  this  diagram  {Lign.  210,  fg.  1) 
re  newer  than  the  slate-rocki  which  they  penetrate. 


T40H.  110,— INTKUBIVE;  VMI^a  OP  TOAF.OaAKITR,  FOBPITTXTtAz:- 

I'  L  tli«n)tr'T«lBA  Wt  rt)  tnT#i:elDi  tehlttp  itit  of  Armn.* 

ta^  Tpini  of  fniDlte  {(■,  9)  tm^i^rslnB  acliiit,  themielTM  croHwl  by  TFln«  of  two  d^lTpr^at 

B  OnelH  1'A,  ft,  A,  B)  fliJftfd  hy  il  grail fte-T^ln   fa^  a,  dj. 

B  1i3lrtulun  of  trap  ttetwem  layen  orsfl.ad»ton&  {a,  «],  pr^^sentingflii  Bxamplc  of  frndurp 

■     ta4  dUplAeetaeiat  so  ttnall,  aa  ia  ftdmlt.  of  tiiL'  rE>.[lapiliUtt  or  Uie  ic|unted  purUootJ 

Granite- veina  traTersing  other  rocks  are  themselves  some- 
mea  intersected  by  iDtrnsions  of  other  melted  materials, 
lib  is  frequently  the  case  in  Cornwall  and  Devon,  where 
ttmerons  granitic  and  porphyritic  dykes  (called  ehans  X) 
iverse  both  the  granites  and  the  eehista  {killad)  of  that 


I 


tliiUips,  EncycK  Metrop.,  and  '*  Manual/'  p.  508- 
t  Dr.  MiHiculloch,  Genlog.  Trans,  and  *'  Western  Isles." 
t  See  De  la  Bechc*a  "  Report  on  Cornwall,"  &c.,  and  that  excellent  Ti'ork 
iPJiyaical  Geoiagy,  the  *' GeoL  Objsener/'  b'y  iVe  wmt ta^.?;nW&L ^\i>3GEsx 
3  H 
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district.  This  sketch  {Lign,  210,  Jig,  2)  represents  a  mass 
of  schistose  rock  crossed  by  granite-veins  (a,  a)  in  one  di- 
rection, and  again  by  veins  of  porphyry  (5,  h,  h),  which  cut 
through  both  the  schist  and  the  granite.  When  gneiss  is 
intersected  by  granite,  it  becomes  shifted,  as  in  this  example, 
in  which  the  granite-veins  (Lign,  210,  Jig.  3,  a,  a,  a)  hare 
displaced  the  laminae  of  gneiss  (b,  h,  b).  Thus,  by  numer- 
ous observations  of  phenomena  of  a  like  nature,  it  is  now 
clearly  established  that  granite  has  been  ejected  during  the 
Silurian,  Carboniferous,  Jurassic,  Cretaceous,  and  even  Ter- 
tiary epochs. 

Where  granite  has  been  erupted  in  a  fluid  or  softened 
state  among  secondary  strata,  the  latter  are  invariably 
altered  near  the  line  of  junction;  but  when  consolidated 
masses  of  granite  have  been  protruded,  no  such  change  is 
observable.  Into  the  slate-rocks  of  the  Cumbrian  chain 
syenite,  porphyry,  and  greenstone  have  been  injected  in  a 
melted  state,  and  now  fill  up  fissures  produced  during  the 
general  movements  of  those  strata ;  but  the  central  nucleus 
of  crystalline  rock  exhibits  no  such  appearance. 

29.  Granitic  eruptions. — In  the  Isle  of  Arran,  the 
granitic  rocks  were  evidently  erupted  in  a  state  of  fusion, 
for  the  slates  are  penetrated  by  veins  of  granite  (Lign.  210, 
Jig.  1)  ;  and  in  some  instances  are  changed  into  fine-grained 
mica,  or  hornblende-slate. 

M.  Dufrenoy  describes  granite- veins  traversing  chalk,  in 
the  Pyrenees,  which  have  converted  the  cretaceous  rock  into 
crystalline  limestone,  and  generated  in  it  veins  of  iron-ore. 
The  following  instructive  fact  is  noticed  by  M.  Elie  de  Beau- 
mont :  in  the  environs  of  Champoleon,  where  granite  conies 
in  contact  with  Jurassic  limestone,  whatever  may  be  the 
position  of  the  surfaces  in  contact,  the  limestone  and  the 
granite  both  become  metalliferous  near  the  line  of  junction, 
and  contain  small  veins  of  galena,  blende,  iron-  and  copp^^"' 
pyrites,  &c. ;  and  at  the  same  time  the  secondary  rocks  are 
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indurated  and  crystalline,  while  the  granite  nas  undergone 
a  contrary  change.  Sir  C.  Lyell  mentions  a  remarkable  ex- 
ample of  the  alteration  induced  in  stratified  rocks  by  intru- 
sions of  syenite  or  granite ;  near  Christiania,  in  Norway, 
very  dark -coloured  limestone  is  changed  into  white  crys- 
talline marble,  and  slate  into  mica-schist.  Traces  of  fossils 
are  not  uncommon  in  some  of  the  schistose  rocks,  thus 
unequivocally  proving  their  metamorphic  character ;  as,  for 
instance,  the  casts  of  large  Trilobites  found  by  Prof.  "W.  B. 
Sogers  in  the  altered  rocks  near  Boston,  U.  S.  (see 
page  831). 

In  GHen  Tilt,  in  Scotland,  schist  and  limestone  are  super- 
imposed on  and  traversed  by  granite,  and  the  latter  is 
ini^ruded  among  the  former  rocks,  and  ramifies  into  innu- 
merable veins  in  the  most  complicated  manner,  proving  its 
perfect  fusion  when  erupted .• 

G-ranite  never  occurs  truly  stratified,  but  it  often  assumes 
a  laminar  disposition,  which  may  be  considered  as  a  modi- 
fication of  concretional  structure.  A  prismatic  or  cuboidal 
form  is  sometimes  observable,  but  this  appears  to  be  the 
result  of  incipient  decomposition,  for  the  fissures  become 
enlarged  by  exposure  to  the  air  and  water,  and  the  rock 
separates  into  masses  resembling  piles  of  masonry,  of  which 
the  celebrated  Logan  or  Booking -stones^  and  the  Cheese- 
wring  of  Cornwall,  are  examples.f 

In  some  instances,  a  tendency  to  a  columnar  arrangement 
is  observable,  as  in  the  cliffs  nenr  the  Land's  End.  in  Corn- 
wall. The  concretionary  felspathic  rock  of  Corsica  {Napo- 
leonite  or  "  Corsican  granite*')  presents  an  orbicular  struc- 
ture, in  which  balls  or  spheroids  of  concentric  and  alternate 
coats  of  hornblende  and  compact  felspar,  are  disseminated 
with  much  regularity  throughout  the  mass. 

*  See  the  highly  valuable  Memoir  on  the  Geology  of  Glen  Tilt,  by 
Dr.  Macculloch,  Gcol.  Trans,  (first  series^,  No\.m.^^.*15>^—'^JX\, 
t  See  Appendix  B,  on  the  Logan-stonea. 
3  M  *i 
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The  granites  of  DeYonshire  and  ComwaU  are  considered 
by  Sir  H.  De  la  Beobe  to  bave  been  protruded  after  tbe  de- 
position of  tbe  coal-measnres  of  Devon,  and  antecedently  to 
tbe  Triassic  series.  **  Tbey  appear  to  bave  been  tbrown  up 
tbrougb  points  of  least  resistance,  in  a  line  extending  from 
tbe  southern  part  of  Devonshire  to  tbe  Scillj  Isles,  part 
having  protruded  tbrougb  tbe  weakest  places,  and  the 
remainder  being  concealed  beneath.  iVom  tbe  Seillj  Isles 
to  Dartmoor  inclusive,  there  seems  to  bave  been  the  up- 
thrust  of  one  mass,  wbicb  found  points  of  less  resistance 
amid  the  superincumbent  accumulations,  more  in  some 
places  than  in  others.  As  tbe  masses  rose,  tbe  edges  of  the 
detrital,  trappean,  and  calcareous  beds  against  which  they 
pressed  were  frequently  frractured ;  and  into  tbese  firactures 
the  granitic  matter  was  forced,  forming  veins  wbioh  can 
ofben  be  traced  terminating  in  fine  threads;  so  that  not 
only  was  the  pressure  great,  but  tbe  fluidity  of  tbe  igneous 
rock  sufficient  to  pass  into  sviall  rents  and  crevices.*'* 

A  group  of  plutonic  rocks,  consisting  of  granite  and 
syenite  protruded  through  overlying  schistose  and  carboni- 
ferous deposits,  and  surrounded  at  their  base  by  Triassic 
strata,  forms  the  range  of  hills  known  as  Chamwood  Forest, 
in  Leicestershire,  The  highest  ridge,  Bardon  Hill,  is  crested 
with  bare  and  rugged  masses  of  syenite;  and  in  various 
quarries  opened  at  the  base  of  the  hills,  interesting  sections 
are  exposed  of  the  relative  positions  of  the  crystalline  masses 
and  the  sedimentary  strata.  This  isolated  cluster  of  bypogene 
rocks  is  within  a  hundred  miles  of  tbe  tertiary  deposits  of 
the  south-east  of  England ;  and  at  a  less  distance  from  the 
metropolis  than  any  other  plutonic  region.f 

30.    Metamobfhism  or  Eogks. — The  transition  from 

•  Memoirs  of  the  Geological  Survey  of  Great  Britain,  vol.  i.  p.  228, 
and  "Geol.  Observer,"  p.  563. 
f  See  J.  B.  Jukes  on  the  OeoVo^  oi  ^VcwrKw^^od  Forest,  4to,  1842 ; 
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granite  to  porphyritic  trachyte  passes  through  infinite  gra- 
dations, but  all  the  modifications  appear  to  be  referable  to 
the  degree  of  incandescence  of  the  materials,  the  circum- 
stances under  which .  they  were  ejected,  and  their  slow  or 
rapid  refrigeration.*  An  instructive  example  of  the  passage 
of  granite  into  basalt,  described  by  Dr»Hibbert,  will  illustrate 
these  remarks.  In  one  of  the  Shetland  Isles,  a  bed  of  basalt, 
extending  for  many  miles,  is  seen  in  contact  with  granite. 
At  a  little  distance  from  the  junction  of  the  rocks,  the  basalt 
contains  minute  particles  of  quartz,  and  these  become  larger 
and  more  distinct  as  they  approach  the  granite :  hornblende, 
felspar,  and  greenstone  (the  latter  is  a  homogeneous  admix- 
ture of  hornblende  and  felspar)  next  appear ;  still  nearer, 
the  rock  CQDsists  of  felspar,  quartz,  and  hornblende  i  and  at 
the  line  of  junction  felspar  and  quartz  form  a  mass  which 
reqinres  but  the  presence  of  mica  to  be  identical  with  the 
granite  in  which  it  is  insensibly  lost.f 

Limestone  in  contact  with  schist  frequently  assumes  a 
crystalline  structure,  as  if  the  same  agency,  which  had  con- 
verted the  day  into  schist,  had  extended  its  influence  to  the 
overlying  calcareous  beds.  In  the  Isle  of  Man,  interesting 
examples  of  this  transmutation  occur.  In  some  instances 
the  calcareous  beds  in  contact  with  the  fundamental  rock  of 
schist  are  irregular  and  perfectly  crystalline,  but  change  to  a 
stratified  disposition  and  earthy  texture  in  proportion  as 
they  are  further  removed  from  the  schist.  In  other  places 
the  metamorphosis  takes  place  more  gradually,  each  bed  of 
limestone  {Lign,  211,  a,  a,  a)  losing  its  stratified  character, 
and  becoming  amorphous  and  crystalline  (b)  where  in  contact 

•  In  M.  Credner's  collection,  at  Gotha,  the  Editor  was  kindly  shown 
by  that  accomplished  geologist  a  series  of  Thnringian  rock-specimens, 
in  which  porphyry  was  seen  to  pass  into  an  argillaceous  schist  fall  of 
granules  of  felspar ;  also  a  similar  transition  from  granite  to  felspathk 
schist. 

f  Bdmburgb  Journal  of  Science, 


MaS.lU^— METAHCAPBUH  of  IJHXKTOKlt   TK   COMTACT  TtTH   EdOIT  ; 
IMLX  OT  MA>. 

(^.  MaarmUadkM  Wat^m  /■£■«.> 

highly  initructive  fact,  that  while  in  the  stratified  limestone 
orgauit!  remains  occur,  tBej  are  altogether  ab&eiit  in  ibe 
crjetalline  luaes. 

lu  the  Isle  of  Angleiea,  Carboniferoua  limestone  andshafe 
full  of  organic  remaioa^  may  be  traced  gradually  passing  into 
hardened  shale,  and  finally  into  h ornsto a e,  jasper,  and  aiml- 
cime-rouk  containing  garnets  and  copper-ore,  a  change  dufl 
an  to  tntruBion  of  greenstone-porpliyry** 

In  the  Ural  Mountains,  which  form  the  dividing  range 
that  separatee  the  waters  of  Europe  irom  those  of  Asia,  ibe 
effect  of  metam  Orphic  action  is  strikingly  displayed.  Sir 
Eoderick  Miirchison  emphatically  remarks,  that  the  crjs^ 
talline  rocks  which  form  the  axis  of  the  anticlinal  of  tbe 


*  J*rt»£  HemlttW  >  I'rauaaclvQfm  at  Oata  ^Xiti^a*.  %w,.  ^t  Cambridge. 
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Ural  chain  are  for  tbe  most  part  altered  Biluriflji  strata.  In 
the  abort  8pa<?e  of  a  mile,  observes  Sir  lioderick,  joll  may 
^alk  upon  tbe  edges  of  the  partially  altered  beds  of  grit  and 
scbittt,  until  you  find  tbem  converted  into  ainorphoua  L[uai^tz- 
rock,  in  contact  with  highly  crystalline  greenstone ;  a  rock 
irhicb  ia  admitted  to  be  of  igneous  and  intrusive  character. 
Coralline  limestone  is  changed  into  \vhitti  and  green  marble, 
Tbe  intense  pi u tonic  action  whicb  eftected  tbe  disturbance 
of  the  rocks  of  the  Urals  has  clearly  been  tbe  cause  of  tbe 
rich  miueral  productions  of  those  regions,  the  metallic  veins, 
tnd  tbe  mineralization  and  metamorpbism  of  the  sediment- 
ary strata.* 

31,  Peecious  STOTTEB.t — Connected  with  the  ehanges 
to  which  the  metamorphic  rocks  have  been  subjected,  ia  tbe 
formation  of  some  of  those  minerals  which,  from  their  beauty, 
splendour,  and  use  as  ornaments,  are  termed  precious  stones, 
Tbe  Sapphire  and  tbe  Onenial  Ruhif^  or  red  sapphire,  which 
are  prized  next  to  the  diamond,  and  almost  equal  that  gem 
in  hardness,  are  found  in  trap-rocks ;  and  the  common 
(hrundum,  which  is  a  species  of  the  same  mineral,  aud  the 
Hf^erald,  occur  in  mica-schist*  The  sapphire  and  ruhy  are 
piu*e  alumina  crystallized;  J  and  the  supposition  that  they  have 
been  formed  by  intense  igneona  action,  is  not  only  probable, 
but  ia  rendered  almost  certain  hy  the  experiments  of 
M,  Gaud  in,  who  succeeded  in  producing  fictitious  rubies, 
which  in  every  respect  resemble  the  natural  gems.  These 
were  formed  hy  submitting  alumina,  with  a  small  quantity 

calcined  chromate  of  potash,  to  the  influence  of  a  power- 
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Geology  of  Russia,  p»  357,  &c. 

t  Mr.  J*  R.  Jackaon'fl  work  on  MiDerabt  treating  especially  of  their 
constttatiDti,  mode  of  occunrenoe,  va.Lue,  and  us^,  m  full  of  interett 
»md  very  iDslrucLive. 

I  Tlie  sapphire  affords,  by  analyflis,  9S-5  or  alu  in  in  a,  0  5  of  lime,  nnrl 
I  of  oiide  of  iron  ■  the  rahy,  9U  of  alumma,  7  of  stJez^  and  1'2  &f  oxida 
of  iron.  -FhiUipt*i  Min^rahffy. 
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fill  oxy-hydrogen  blowpipe,  bj  whicb  tbe  materials  were 
melted  into  a  crystalline  mass,  that  presented,  when  cooled, 
all  the  characteristics  of  the  mby. 

M.  Ebelmen's  successful  experiments^  also,  in  the  pro- 
duction of  crystals  and  gems,  by  employing  boradc  add  as  a 
solvent  at  a  high  temperature,  have  an  important  bearing 
upon  the  probable  mode  of  origin  of  many  of  the  natural 
mineral  products  in  igneous  rocks.* 

Garnet  is  a  well-known  precious  stone,  of  a  rich  brown- 
ish-red colour,  and  is  generally  found  in  plutonic  rocks; 
like  the  ruby,  it  has  also  been  made  artificially,  by  exposing 
its  constituents,  silicates  of  alumina,  lime,  iron,  &c.,  to 
intense  heat.  This  experiment  throws  light  on  the  occur- 
rence of  garnets  in  Anglesea  and  elsewhere,  in  shale  altered 
by  contact  with  trap-dykes,  though  altogether  wanting  in 
every  other  part  of  the  rock ;  a  proof  that  these  crystals 
have  been  produced  by  the  effect  of  heat  on  those  parts  of 
the  sedimentary  deposits  which  were  most  exposed  to  the 
influence  of  the  erupted  mass.f 

The  production  of  such  crystalline  substances,  though 
effected  by  intense  heat,  may  probably  be  intimately  con- 
nected with  the  action  of  electro-chemical  currents  induced 
by  the  high  temperature,  since  M.  Bequerel  and  Mr.  Cross 
have  formed  without  heat,  from  solutions,  by  long-continued 
galvanic  action,  crystals  of  quartz,  arragonite,  carbonates  of 
lime,  &c.,  which  the  resources  of  chemistry  had  failed  to 
yield,  t 

*  See  De  la  Beche*8  *'  Geol.  Observer,"  2nd  edit.  p.  578. 

t  Ly ell's  Manual,  5th  edit.  p.  484 

X  "  Light,  Heat,  Electricity,  Magnetism,  Motion,  and  Chemical-af- 
finity are  all  convertible  material  affections;  assuming  either  as  the 
cause,  one  of  the  others  will  be  the  effect.  These  forces,  in  their  varied 
natural  action  upon  the  surface  of  our  planet,  are  continually  altering  lh«* 
nature  of  its  external  crust.** — Lecture  on  the  Progreis  of  Physicai 
Science^  by  W,  R.  Grove^  Esq.,  F.It.S. 
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32.  MsTALLiYSBOTTS  VEruB. — In  my  description  of  the 
fisGnires  observable  in  consolidated  strata,  I  mentioned  that 
the  richest  depositories  of  the  metals  occur  in  certain  ca- 
vities, termed  metalliferous  veins,  which  are  separations  in 
the  continuity  of  rocks,  of  a  determinate  width,  but  extend- 
ing indefinitely  in  length  and  depth,  and  more  or  less  filled 
with  metallic  and  mineral  substances  of  a  different  nature 
from  that  of  the  masses  they  traverse.*  These  natural  stores 
of  hidden  treasures  are  not  confined  to  any  epoch  or  form- 
ation, nor  to  any  tracts  of  country ;  they  are,  however, 
most  abundant  in  rocks  that  have  been  exposed  to  great 
disturbances  and  intense  igneous  action,  hence  their  pre- 
valence in  the  metamorphic  and  plutonic  rocks  :  but  veins 
of  iron,  copper,  arsenic,  silver,  and  gold  also  occur  in  tertiary 
strata  (vol.  i.  p.  289). 

Some  veins  are  evidently  fissures  of  mechanical  origin, 
having  been  opened  by  elevatory  forces ;  in  many  instances 
they  have  been  filled  from  beneath  by  the  sublimation  of 
metalliferous  matter  by  heat ;  and  in  others  from  the  sur- 
face by  infiltration,  or  by  various  materials  deposited  by 
streams,  which  have  fiowed  into  them.f  But  in  some  in- 
stances the  veins  are  connected,  by  a  gradual  mineral  tran- 
sition, with  the  contiguous  rock,  and  appear  to  have  resulted 

•  In  De  la  Beche's  "  Geological  Obseirer,"  the  student  will  find  the 
nbject  of  mineral  veins  well  illustrated,  and  philosophically  treated. 
Much  valuable  information  on  this  subject  is  also  contained  in  the  ele- 
mentary works  on  Geology  by  Phillips  and  Ansted ;  and  several  important 
papers  on  veins  and  the  structure  of  mineral  lodes  will  be  found  in  the 
Transactions  of  the  Geological  Society  of  C!omwall,  and  in  the  Mining 
Review. 

f  The  filling  up  of  the  concretionary  veins,  and  the  formation  of  a  great 
number  of  minerals  which  are  there  met  with,  whether  crystallized  or 
amorphous,  appear  to  admit  of  explanation  by  reference  to  incrusting 
tfafiermal  depositions,  and  do  not  necessarily  indicate  conditions  or  agents 
far  removed  from  actual  existincr  causes.  See  M.  de  Sanarmont's 
observations,  Edinh.  New  Phil.  Joum.\85^,'voV.AJi.'^.^RS^« 
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from  an  electro-chemical  separation,  or  segregation,  of  cer- 
tain mineral  and  metallic  particles  from  the  envelopiDg 
mass,  while  it  was  in  a  soft  or  fluid  state,  and  their  deter- 
mination to  particular  centres.  The  nature  of  these  veins 
receives  illustration  from  the  nests  of  spar  and  other  mine- 
rals common  in  masses  of  trap,  and  in  which  there  appears 
to  have  been  no  possibility  of  the  introduction  of  any  foreign 
substance  from  without. 

The  vein-stone,  vein-stuff,  or  gangue  is  frequently  formed 
of  several  layers  of  crystalline  substances  of  variable  thick- 
ness. Thus  against  each  "cheek"  or  "wall"  of  a  vein  or 
lode,  we  may  find  first  a  coating  of  blende,  then  quartz, 
fluor-spar,  blende,  baryt-spar,  pyrites,  baryt-Bpar,  fluor-spar, 
pyrites,  and  calc-spar ;  the  two  opposite  layers  of  calc-spar 
either  meeting  face  to  face,  vnth  irregular  cavities,  or  druses, 
interposed,  or  vnth  a  middle  layer  or  "  rib  "  of  galena.  See 
also  p.  696.  Sometimes  the  vein-stone  is  composed  of  one 
material  only,  such  as  quartz.  Frequently  two  or  more  sets 
of  crystallized  coatings  are  observable  in  a  vein,  owing  to 
the  successive  infiltrations  or  segregations  of  mineral  matter. 
These  may  be  composed  of  a  similar  material  throughout ; 
or  each  series  may  vary  from  the  others. 

From  the  observations  of  M.  Foumet  in  the  mines  of 
Auvergne,  it  seems  probable  that  in  many  instances  sul- 
phides of  iron,  copper,  lead,  and  zinc,  sulphate  of  barytes, 
and  other  minerals,  have  been  introduced  at  different  periods, 
accompanied  by  new  fractures  and  dislocations  of  the  rocks, 
and  the  widening  of  previous  fissures.* 

"  When  describing  the  successive  openings  of  the  veins 
near  Pontgibaud,  M.  Foumet  f  points  out  that  deposits  of 
different  mineral  substances,  or  modifications  of  such  sub- 

*  Sir  C  Lyell's  Anniversary  Address,    1837,   Proceed.   Geol,  Soc. 
NO,  ii.  p.  498 
f  Etudes  sur  lea  D^^^Va  lA^feviMfetfe^. 
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stances,  are  seen  to  characterize  five  of  the  six  successive 
dislocations  which  he  was  enabled  to  trace  ;  the  sixth  being 
marked  by  the  introduction  of  pebbles  and  sand, — a  con- 
tinuation of  the  accumulation  which  still  covers  the  country 
in  many  places,  and  which  is  itself  covered  by  the  lavas  of 
the  extinct  volcanos  of  Louchadiere  and  Pranal."  * 

The  observations  and  experiments  of  Mr.  E.  W.  Fox  f 
add  great  weight  to  the  hypothesis  which  explains  the  filling 
up  of  metallic  veins  by  electrical  agency.  M.  Bequerel  J 
remarks,  that,  when  a  vein  is  either  wholly  or  partially  filled, 
the  transfusion  of  water  from  the  surrounding  rocks  would 
bring  electric  forces  into  play,  and  give  rise  to  decomposi- 
tions and  new  combinations  of  mineral  matter.  The  separ- 
ation of  pure  metal  from  solutions  of  metallic  salts,  by 
galvanic  action, — a  process  familiar  to  every  one,  under  the 
name  of  the  electrotype, — and  from  the  ore  by  a  modification 
of  the  same  force,  exemplifies  the  natiu^  of  those  changes  by 
which  native  gold,  silver,  copper,  &c.  may  be  produced  in 
the  interior  of  the  earth.  § 

There  appear  to  be  certain  associations  of  metallic  sub- 
stances in  the  veins ;  ||  as,  for  instance,  iron  and  copper,  lead 
and  zinc,  tin  and  copper,  and  probably  gold  and  platinum. 
The  following  list  shows  the  geological  distribution  of  a  few 
of  the  chief  metals. 

*  De  la  Beche,  "  Geological  Obsenrer,"  2nd  edit.  p.  698,  note, 

f  Phil.  Transact.  1830,  p.  399,  &c.  See  also  Mr.  R.  Hunt's  Memoir, 
On  the  Influence  of  Magnetism  and  Electricity  on  Crystallization,  &c., 
Mem.  Geol.  Survey,  vol.  i. 

i  Edinb.  New  Phil.  Joum.  vol.  ii.  p.  330. 

§  M.  Bequerel  has  succeeded,  by  the  permanent  action  of  electrical 
currents  only,  in  separating  the  metals  of  silver,  lead,  and  copper  from 
their  ores.  The  electro-chemical  apparatus  employed  consisted  simply 
of  iron,  a  concentrated  solution  of  sea-salt,  and  the  ore  of  the  metal 
properly  prepared.    See  notes  to  Dr.  Buckland's  Bridgewater  Treatise. 

g  In  the  Edmb.  New  PhU.  Joum.  vols.  liv.  and  Iv.  is  a  useftd  and 
extended  digest  of  A.  Breithaupt's  work  on  lYie  ^mofasLXJuo^  ^I'^'OffCi^A. 
or  theii  "Paragenetic  Belationa," — Die  ParogetiMU  d«r  M*Miw»«»h> 
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Tin — generally  occurs  in  qnartz-yeins  tniYersing  granite  and  schist 
It  has  not  been  discoyered  in  a  native  state,  bat  is  commonly 
found  as  an  oxide,  and  rarely  as  a  sulphide.  The  ores  of  this 
metal  are  of  great  hardness  and  specific  gravity,  and  are  termed 
tin-stone.  Wood-tin,  so  called  from  its  fibrous  structure,  and 
atream-tin,  are  found  in  the  beds  of  streams  and  rivulets :  they 
are  the  alluvial  detritus  of  tin-veins,  that  existed  in  rocks  now 
destroyed.  The  ttatmiferous  gravel  of  Cornwall  is  the  debris  of 
preexisting  rocks  traversed  by  tin-veins,  and  has  been  formed  in 
the  same  manner  as  the  auriferous  alluvia  of  Russia,  Australia, 
and  America.  The  mines  of  Ck)mwall  are  the  most  productive  in 
Europe,  and  have  been  worked  from  the  remotest  historical 
periods.  The  Tyrians,  as  early  as  the  time  of  Moses,  imported 
tin  from  that  district. 

Lead. — The  ores  of  this  metal  are  very  numerous  :«and  the  sulphidt 
of  lead,  or  galena,  occurs  in  primary  and  secondary  rocks.  In 
Derbyshire,  the  principal  veins  of  lead  are  in  the  carboniferous 
limestone. 

Copper — is  found  in  primary,  secondary,  and  tertiary  rocks,  and  ia 
modem  deposits ;  it  often  occurs  native,  that  is,  in  a  pure  me- 
tallic state,  sometimes  in  blocks  many  tons  in  weight :  its  ores,  or 
combinations  with  other  metals  and  minerals,  are  very  numerous. 
Cornwall  is  the  principal  European  repository  of  this  metal. 

Gold — exists  in  granite  and  quartz-veins  traversing  metamorphic  rocks. 
The  gold  found  in  the  mud  and  sands  of  rivers  has  been  derived 
from  gold-bearing  veins  which  existed  in  rocks  subsequently 
broken  up  and  disintegrated :  such  is  the  origin  of  the  auriferous 
sands  and  gravels  of  Russia,*  which  we  shall  presently  describe. 

Silver, — This  metal  is  found  in  crystalline  and  metamorphic  rocks; 
often  native,  but  generally  in  ores  associated  with  arsenic,  cobalt, 
&c.  Sulphide  of  silver  (a  combination  of  metallic  silver  and  sul- 
phur) is  the  most  common  ore  of  this  metal.  Masses  of  pure 
silver,  200  lbs.  in  weight,  have  been  found  in  Norway.  The  rich 
Mexican  silver-  and  gold-mines  are  in  porphyritic  rocks. 

*  See  the  "  Geol.  Russia  and  the  Ural,*'  vol.  i.  The  gold-diggings 
of  California,  Australia,  New  Zealand,  and  elsewhere, — their  mode  of 
working,  general  produce,  and  several  large  pepites  or  nuggets, — have 
of  late  years  been  brought  before  the  public  in  the  newspapers  and  other 
periodicals,  and  in  numetoua  special  works.  The  Parliamentary  Re- 
ports on  Australia  and  t\ie  5o>MTia\  oil  ^Oaft  ^3«^q^^<«^  %^^\fttY  contain 
omek  information  on  ibe  aM>c>i«cX* 
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Fhtinum — occurs  in  South  America  and  the  Ural  MoujiUinB.  Tiiia 
metal  combines  II16  luutre  of  gold  and  iilver  with  incomparahle 
hardness.  A  rein  has  been  diacoYi^r&d  in  nietamorphic  rocks  in 
the  Valley  of  Drac,  in  the  Department  of  Um. 

Mm'tmrym  QMiehsihet—h  fotiiid  always  liquid  when  in  a  metallic 
Htate  ;  tt  ia  generally  ohtained  from  cinnabar,  tvbich  19  a  sulphide 
of  mercury,  forming  beds  nnd  Teina  in  gneiss  and  schiat,  and  in 
strata  of  the  carboniferons  epoch.  The  minea  of  Idria  in  Camiola 
are  ihe  most  productive  in  Europe. 

/fim. — The  alnioat  universal  preacooe  of  the  ores  of  iroHi  and  the 
infinite  variety  of  its  combiiiatiyiis^  are  too  well  kn 01*^1  to  require 
description.  Kative  iron  ts  sometimes  found  in  rot^kaj  bnt  from 
the  ]^apid  oxidation  of  this  metal  wlien  exposed  to  air  or  moisture^ 
it  is  ^Idom  met  with,  eiitcept  in  meteoric  aloneii  (vol.  L  p.  4^). 

I  will  concisely  notice  a  few  iEtereatiiig  conditions  of  some 
f  these  iDetftUic  substances. 

33.  AtJEiFKBOrs  Allittta  of  Bubsta. — In  the  highly 
Juahle  work  of  Sir  E.  Mnrchieon  and  his  colleagues,  "  The 
eology  of  Bussifl,"  thers  ia  an  ejctremely  intereBting  de- 
(ription  of  the  atiriferous  drift  which  annually  yields  a  large 
QOTintof  gold,  and  some  platinum  to  the  Eussian  government, 
aese  metals  are  ohtainedj  by  washing,  from  tbe  old  alluvial 
'  diluvial  deposits,  which  abound  in  the  bones  of  mammoths 
id  other  huge  eitinct  pachyderms  (see  vol.  i.  p*  155).  The 
)ld  and  platinum  have  evidently  been  derived  from  metaUi- 
pons  veins  that  existed  in  the  rocks  of  the  Ural  Mountains, 
jfore  that  chain  was  elevated  above  the  reach  of  alluvial 
!tion. 

The  auriferona  sMnfle,  with  it«  sub -angular  fragments,  so  completely 
sembles  the  detritus  of  lakes,  and  is  ao  tinlike  the  gravel  of  eea^shores, 
it,  independently  of  the  absence  of  any  marine  remains  whatever  all 
ong  the  immediate  eastern  flank  of  the  Ural  Mountains,  there  can  be 
5  hesitation  in  believing  that  the  gold*detritii3  waa  accumulated  during 
tfirrestfial  and  lacustrine  condition  of  the  surfa^je.  PrevionaJy  to  the 
laution  of  the  UraJa  to  their  present  aULtude,  they  conatitutiHi  a  mode* 
My  elevated  repion,  which  farmed  the  edge  of  an  eastern  continent 
|^iMl«d  by  Ihe  mammoths  and  their  associates.    The  extensive  arbas 
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now  covered  by  auriferous  detritus  were  probably  then  occupied  by 
lakes,  into  which  were  drifted,  in  the  course  of  ages,  the  bones  of  the 
large  extinct  mammalia  which  inhabited  the  surrounding  plains  and  hilh, 
and  the  detritus  of  the  rocks  and  strata.  The  sudden  upheaval  of  the 
Ural  crest,  which  has  evidently  taken  place  in  a  comparatively  recent 
period,  broke  away  the  barriers  of  the  lakes,  and  elerated  some  massei 
of  their  shingly  bottoms  and  shores  into  irregular  mounds,  which  sub- 
sequently  became  desiccated,  and  now  constitute  the  auriferous  alluvia.* 

34.  Cupreous  deposits. — An  illustration  of  a  metallie 
deposit  by  the  effects  of  chemical  action,  without  the  agency 
of  heat,  is  afforded  by  a  singular  formation  of  copper-ore, 
which  occurs  in  New  Brunswick.  In  a  bed  of  lignite,  co- 
vered by  a  few  feet  of  alluvial  soil,  and  resting  on  a  con- 
glomerate, the  precise  nature  of  which  is  not  stated,  there  is 
a  nearly  horizontal  layer  of  green  carbonate  of  copper,  about 
eight  inches  in  thickness.  The  ore  is  disseminated  through 
the  lignite,  in  the  same  manner  as  metallic  ores  are  usually 
blended  with  their  accompanying  vein-stones.  This  bed 
bears  a  close  analogy  to  the  modem  cupriferous  deposits  of 
Anglesea,  and  of  some  parts  of  Hungary  and  Spain,  where, 
at  the  present  time,  water  charged  with  copper  in  solution 
is  by  the  introduction  of  iron  made  to  precipitate  the  former 
metal.  From  the  stratum  of  lignite  occurring  with  the  cop- 
per, and  the  mode  in  which  the  latter  is  interspersed  through- 
out the  mass,  it  appears  that  the  water  in  which  the  vege- 
table matter  floated  was  at  the  same  time  saturated  with  a 
solution  of  copper,  and  that  both  the  organic  and  mineral 
substances  subsided  to  the  bottom  together,  and  formed  the 
singular  compound  deposit  under  consideration ;  over  which, 
probably  at  a  subsequent  period,  the  alluvial  covering  was 
drifted. 

Near  Perm,  in  Eussia  (see  page  667),  rich  cupriferous 
grits  occur,  associated  with  thin  seams  of  coal  and  abundance 
of  fossil  vegetable  remains.     The  copper-ores  are  frequently 
•  See  "  The  Geolo^  of  Russia,"  vol.  i.  pp.  485 — 487. 


TB  A  NSMTJT  ATI  ON  OF  MET  A  LS-  913 

fomid  arranged  around  and  in  the  interstices  of  the  stems 
and  branches  of  the  fasgil  plants*  eihihiting  a  passage  from 
the  common  oxide  of  copper  to  the  grey  sulphide,  or  copper- 
pyritee;  and  occaaionaOy  to  bright  green  acicular  maJachitej 
^^ed  with  crystal  a  of  the  blue  copper-ore.* 
^kh  Germany  a  thin  band  of  hard,  black,  bituminous,  and 
fcSpper- bearing  shales,  of  Permian  age,  extends  over  a  wide 
extent  of  country,  and  ia  well  known  by  the  name  of  the 
Kupfir-Bchiefer  (see  page  566),  This  thin  copper-shide  has 
beea  worked  from  time  immemorial  around  the  Harz  and 
the  Thuringerwald ;  ajid  still  supplies  important  revenues 
to  Saxony  and  the  neighbouring  States. 

The  beautiful  green  carbonate  of  copper,  known  bj  the 
name  of  mmJuthite^  has  been  produced  from  a  cupreous 
solution  by  the  auccessive  deposition  of  the  metallic  car- 
bonate in  a  stalagmitic  form,  like  the  calcareous  spar  of 
I  limestone-cay ema.t 

35.  TaANaMiTTATTOK  or  METALa. — The  yaried  trana- 
;  iButations  which  metallic  subetances  undergo  in  their  pas- 
:  sage  from  one  combination  to  another — from  their  condition 
I  in  the  ancient  rocks,  to  that  in  which  they  appear  in  later 
formations — inyolye  many  curious  and  highly  interesting 
\  phenomena* 

The  tranamission  of  iron  from  gi'eat  depths  to  the  surface, 
t  in  a  chemical  form  by  means  of  chalybeate  springs,  from 
deposits  in  which  that  metal  was  mechanically  diffu&ed^ 
1  and  the  formation  of  bog-iron,  and  of  iron -atone,  throngh 
I  the  agency  of  vegetable  matter  (see  p.  7tjG,  noU)^  are  familiar 
'  examples  of  these  changea,  and  haye  suggested  to  Mr.  Hugh 
I  itiller  one  of  his  happiest  illustrations.  *'  How  strange,  if 
*  the  steel  axe  of  the  woodman  should  haye  once  formed  part 
I  f>f  an  ancient  forest ! — if,  after  first  existing  as  a  solid  mass 
ia  a  primary  rock,  it  should  next  have  come  to  be  diffused 

a  red   pigment   in  a  transition  conglomerate  (old  red 
Geolofy  of  Uusfti&t  chap*  8.  t  Ibid,  rob  L  ^.  3<5, 
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eonglonierate,  p.  788),— tiicai  m  %  bnywn  oxide  m  »  chafy- 
beaie  ipriiig,— tben  m  %  ydloir  odne  in  m  woandny  «ad- 
Btoiie»-*4ihen  M  A  oomponaiit  pert  jntiierteBUiaiidtwigief.. 
ft  thidk  ftmst  of  arbonoeouB  pla^ 
oftrboDAte  dowly  MbnmQlflting  at  tiie  bottom  of  «  monw  e( 
the  Coal-meaBurei^  ttieii  u  %  lajer  of  indiuated  tends  and 
nodules  of  brown  ore^  underlying  a  seam  of  ooal, — andtiMB, 
finally,  tiiat  it  should  have  been  dog  ont^  and  smelted,  and 
fiwhioned,  and  employed  for  the  purpose  of  haadieraft^  and 
yet  occupy,  e?en  at  this  stage,  merely  a  middle  plM  betii^ 
tiie  lannsmigMiions  whioh  hare  pasaed  and  tiie  ehvigH 
which  are  yet  to  come !  "^  * 

86.  Eamw  ov  thb  BrvohMm  books.— Enough  lui 
been  advanced  to  eonrey  a  general  idea  ol*iJheohaiaeteKi 
and  relations  of  the  hypogene  rooks,  and  of  tiie  changM 
induced  on  contiguous  sedimentary  depoaita  by  their  ibIb* 
ence,  when  injected  or  upheayed  in  «i  indandeeoent  state. 

The  traces  of  stratification — a  structure  which  we  hsre 
seen  is  characteristic  of  aqueous  deposition — are  evident  in 
the  uppermost  metamorphic  rocks ;  and  there  is  also  a  dis- 
tant analogy  to  the  alternate  depositions  of  secondary  beds, 
in  the  succession  of  different  mineral  masses,  as  gneiss,  mica- 
schist,  quartz-rock,  &c.  But  in  the  lowermost  term  of  the 
series,  the  granite,  even  these  apparent  relations  to  &» 
stratified  formations  are  altogether  wanting;  and  in  the 
amorphous  masses,  yeins,  a^nd  dykes,  we  see  the  effecte  of 
long-continued  and  intense  heat,  produced  under  drcom- 
stances  which  have  given  to  the  resulting  rocks  a  veiy 
peculiar  character. 

The  transmuta;tion  of  chalk  into  crystalline  marblcy—of 
loose  sand  into  compact  sandstone,— of  argillaceous  date 
into  porcelain-jasper, — of  coal  into  anthracite, — of  shale  and 
mud-stone  into  slate, — of  slate  into  micaceous  BcYnsb,-^ 
micaceous  schist  into  gneiss  and  granite,— of  the  latter  into 
*  The  Old  Red  Sandstone,  p.  250. 
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trBp,^-aiid  so  forth — together  with  the  characters  presented 
by  the  mineral  products  of  eiisting  volcflDos,  prepare  the 
miiid  to  receive  without  surprise  the  assertion  of  an  eminent 
geologist  and  chemist,  M.  Fournet;  iliat  all  the  h^pogene  rockM 

Eare  prohahl^  seilunmifary  depodts  fiietamorphosed  bt/  igneous 
^cii&n ;  ♦  this  opimoH,  however,  ia  but  a  modification  of 
that  long  since  expressed  hj  onr  iUustrions  countryman, 
Huttooj  illustrated  by  Piayfair.and  fully  elucidated  by  Lyell.f 
There  ia  one  striking  deduction  whicli  M.  Fournet  has 
drawn  from  the  mineralogical  character  of  these  rocka, 
namely,  that  those  masses^  which ^  according  to  our  chemical 
knowledge,  would  require  the  most  intense  and  long-coo- 
^^  tinned  Ln candescence  for  their  formation— f\  ^.  those  in 
^■which  quarts  largely  predominates  —  are  precisely  those 
^"^ which  from  their  geological  position  must  have  been  longest 
exposed  to  sueh  an  agency ;  hence,  in  granite  the  foimda- 
tion  rock  J  quartz,  which  is  the  most  infusible  and  refractory 
material,  largely  prevails.  The  possibility  of  an  earth  beiug 
converted  by  intense  beat  into  the  hardest  and  purest  crystal 
was  showB  in  the  formation  of  fictitious  rubies  (p.  905). 
To  the  granite  succeed  rocks  in  the  exact  order  of  their  con- 
taining less  quartz,  and  being  therefore  more  easily  fusible, 
^_  —as  granite  with  a  la;*ge  proportion  of  felspar,  porphyry, 
^H  mica-schist,  serpentine,  and  clay-slate 4  If  we  take  these 
■  phenomena  into  consideration,  together  with  the  facts,  pre- 
viously stated,  of  the  transmutation  of  one  substance  into 
another  by  the  effect  of  caloric,  it  appears  to  me,  that  in 
tke  present  state  of  our  knowledge  we  are  warranted  in  con- 
duding,  that  all  the  granite  and  associated  plutonic  rocks 
that  are  accessible  to  human  observation  are  nothing  more 
than  sedimentary  deposits  altered  by  igneous  agency. 
But  from  what  source  were  the  most  ancient  granitic 
•  The  genera!  reader  -will  find  an  mteresUng  account  of  M*  Fonmet'a 
^b«ory  in  Jameson*a  Edinburgh  New  Phil,  Journal^  vol.  i^tiv*  p.  UG,  &c, 
^  "  Manual  of  Geology,"  thap.  30 . 
I  Jameson's  Edmhurgh  Jourual,  loc,  cit,  p,  11^, 
3  If 
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rocks  derived  ? — whence  originated  the  materials  upon  which 
igneous  action  exerted  its  influence,  and  produced  those 
crystalline  masses  which  are  the  Ultinia  Thule  of  geological 
research  ?  Was  granite,  as  Humboldt  has  supposed,  the 
basis  or  framework  upon  which  the  first  aqueous  sediments 
were  deposited  ? — These  are  questions  which  we  are  not  in 
a  condition  to  solve ;  and  it  does  not  appear  probable,  that 
vestiges  of  the  first  dawn  of  creation  upon  the  surface  of  our 
planet  will  ever  be  revealed  to  mortal  eye. 

37.  Oeganio  Eemains  in  the  Metahobphio  Books. 
— I  have  stated,  that  with  the  lowermost  of  the  slaty  rocks, 
or  crystalline  schists,  all  traces  of  organization  are  lost ;  but 
this  assertion  requires  some  reservation,  for,  as  an  eminent 
geologist  has  remarked,  "with  the  exception  of  granite, 
probably  no  rock  is  known  beneath  which  organic  remains 
may  not  be  found."*     Let  us  here  resume  the  inquiry. 

The  extent  to  which  the  metamorphism  of  sedimentary 
rocks  changes  their  lithological  characters  is  variable ;  and 
so  also  is  the  degree  in  which  the  organic  remains  imbedded 
in  those  deposits  are  obscured- by  this  change.  Some  of  the 
strata  that  have  suffered  from  metamorphic  agency  in  the 
Alps  and  Andes  frequently  retain  impressions  of  fossils 
sufficiently  distinct  to  enable  the  palaeontologist  to  decide 
the  geological  age  of  these  schists  and  slates ;  some  of  which 
are  of  secondary,  and  others  even  of  tertiary  age.f 

So  also  many  of  the  much-altered  Devonian  and  Silurian 
rocks  have  given  up  to  persevering  research  abundant  fossil 
relics,  in  Europe,  England,  and  North  America.  We  may 
instance  M.  Bischoff*s  discovery  of  Upper  Silurian  plant- 
remains  in  the  slaty  schists  of  Magdesprung  (p.  822) ;  Mr. 
Salter's  and  Dr.  Kinahan's  discoveries  of  fossils  in  the 

•  Maccul  loch's  Western  Isles,  p.  514. 

t  The  German  geologists  have  come  to  the  conclusion  that  the  Glarus- 
slates  (see  p.  365)  are  of  eocene  age.  In  the  Carinthian  Alps  there  arc 
hlack  sJates  of  cretaceous  age. 
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Cambrian  grauwaclse  (p.  837)  ;  Mri  Peaches  discovery  of 
Lower  Silurian  foHsils  in  the  silicioiiB  limestones  of  Durness 
(p.  806)  i  and  especially  Prof.  W.  Rogers^a  late  discovery  of 
nuineroua  impressions  and  casta  of  trOobitea  in  the  old  rocka 
near  Boston,  F.  S.  (p.  831). 

Theae  inatances  of  auecessfiil  reeearcli  in  metamorphic 
rocks  lead  us  to  hope  that  other  schists,  as  yet  apparently 
barren  of  fo sails,  will  in  time  yield  aome  organic  evidence  ot 
their  geological  age.  From  the  reaearchea  of  Sir  E,  Miirchi- 
8on,*  we  now  know  that  great  maaaea  of  the  gneiasose  and 
micaceous  schists  of  the  North  of  Scotland  are  moat  pro- 
bably of  Lower  Siliman  age,  on  account  of  their  immediately 
overlying  (in  Sutherlaudahire)  the  fossiliferoua  limeatono 
and  quart zite  of  Durness  (p.  806)  ;  and  doubtleasly  in  thia, 
as  yi  other  analogous  ca^ea,  traces  of  fossils  will  some  day 
be  found  in  axich  rocks,  which  often  almost  rival  in  their 
ciryataUine  character  the  primordial  gneiss  and  granitic  rockaj 
on  which  the  oldest  sedimentary  beds  of  Canada,  Scotland, 
and  Seandina\'ia  repoae. 

Prom  the  intense  heat  to  which  some  of  the  crystalline  and 
metamoqjhic  rocks  have  been  exposed,  we  cannot,  of  course, 
eipect  to  find  in  them  any  organic  remains,  except  possibly 
siich  as  are  formed  of  materials  capable  of  resisting  the  eifecta 
of  that  infliience*  The  observations  and  experiments  of  the 
Rev,  J.  B*  Keade  have  shown,  that  vegetables  possess  a 
structure  A^hich  is  composed  of  aiJex,  and  is  indestructible 
iE  a  common  fire  (p.  710),  In  animals,  excepting  in  some 
of  the  Protozoa,  we  seek  in  vain  for  an  elementary  tissue 
capable  of  resisting  the  powerful  influence  of  heat.  Por  it 
is  clear,  that,  if  calcareous  skeletons  were  exposed  to  intense 
heat,  all  traces  of  organization  would  be  obliterated  ;  and  it 
would  therefore  be  hopeless  to  expect  any  indications  of 
animal  organisms,  except  of  those  that  were  silicious,  in 
£o*:ks  where  even  the  Hnea  of  stratification  are  melted  away. 

*  GeoJ.  Soc.  Proceed.  ¥e\f.  3.  \S&%. 
3  K  2 
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M.  Ehrenberg,  to  Y^hom  we  are  so  greatly  indebted  for 
opening  this  new  field  of  inquiry,  has  discovered  the  remaiiw 
of  the  minute  vegetable  organisms  known  as  Diatomaceae, 
not  only  in  aqueous,  but  also  in  volcanic  products.  The 
ferruginous  or  ochreous  film  or  scum  seen  on  the  waters  of 
marshes  and  of  stagnant  pools,  or  at  the  bottom  of  ditches, 
sometimes  forming  a  red  or  yellowish  mass  many  inches 
thick,  without  any  consistence,  dividing  at  a  touch  into 
minute  atoms,  and  which,  when  dried,  resembles  oxide 
of  iron,  is  found  to  be  wholly  composed  of  the  shields  or 
firustules  of  the  Oallionella  ferrtiginea :  and  the  formation 
of  bog-iron-ore  is  supposed  to  be  in  a  great  measure  depend- 
ent on  this  source.  The  semi-opal  and  the  tripoli  of  the 
tertiary  deposits  are  wholly  composed  of  fossil  remains  of 
this  kind ;  and  Ehrenberg  distinctly  states,  that  while  in  the 
instances  above  mentioned  there  cannot  be  the  least  doubt 
of  the  nature  of  the  organic  remains,  in  the  semi-opal  of  the 
serpentine  of  Champigny,  and  in  the  precious  opal  of  the 
porphyry,  he  has  detected  bodies  so  exactly  similar  that, 
although  at  present  he  hesitates  positively  to  affirm  that 
they  are  organic,  he  can  scarcely  entertain  any  doubt  upon 
the  subject. 

As  Ehrenberg  has  also  discovered  silicious  infusorial  re- 
mains in  volcanic  ejectamenta,  it  can  be  conceived  that  such 
indestructible  organic  atoms  may  exist  even  in  metamorphic 
crystalline  schists.  This  branch  of  palsBontological  research 
requires,  however,  peculiar  patience  and  acumen  ;  and  it  is 
to  be  hoped  that  the  observations  of  the  Eev.  J.  B.  Eeade* 
and  Mr.  Bryson,t  who  have  found  minute  bodies  resembling 
Gallionellte,  Naviculae,  &c.,  in  mica-schists,  will  be  followed 
up  with  caution  and  perseverance. 

38.  CHEONOLOor  of  Mount4lin-chains.  —  "We  have 
seen  that  the  intrusions  of  molten  rocks  have  not  only 
altered  the  chemical  nature  of  the  strata  through  which 

*  See  Appendix  C.  \  E.dm,  "i^.  PUl,  Journ.  N.  S.  vol.  i.  p.  368. 
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thej  were  erupted,  but  have  also  clianged  tlieir  positiona 
and  relationa,  and  produced  correapondiDg  modifications  in 
the  physical  geography  of  the  dry  land;  having  in  some 
inetancea  transformed  plains  into  mountain -peaks,  and  in 
others  occasioned  the  sub ei deuce  of  elevated  regions  to  tlie 
bottom  of  the  ocean.  As  these  changes  took  place  at  various 
epochs,  separated  from  each  other  by  periods  of  repose, 
sometimes  considerable,  sotnetimes  brief^  it  ia  manifest  that 
the  existing  mountain-chains  are  of  very  different  ages.  By 
a  careful  eiami nation  of  the  phenomena  which  bear  npon 
this  question,  the  relative  antiquity  of  many  of  the  principal 
ranges  has  been  determined  ;  or,  in  other  terms,  it  has  been 
ascertained  at  what  geological  epochs  the  Alps,  Pyrenees, 
Andes,  ^c.  were  elevated  above  the  waters. 

My  observations  on  this  subject  must,  however,  be  re- 
ittricted  to  an  explanation  of  the  mode  of  induction  employed, 
and  a  brief  notice  of  some  of  the  results.     The  positions  of 
the  older  strata  in  relation  to  the  protruded  plu tonic  rocks 
and  the  newer  sedimentary  dp^Joaits  are  the  principal  data 
by  which  this  problem  may  be  solved ;  for,  as  the  several 
aferatified  rock-masses  have  been  deposited  in  nearly  hori- 
zontal positions,  it  is  obvious,  that  when  they  are  found 
highly  inclined,  and  in  contact  with  mountain-masses  of 
erystalline  or  volcanic  rocks,  tlie  latter  must  have  been  pro- 
tmded  Hnce  the  sedimentary  were  formed,  and  of  course 
during  the  primary,  secondary,  or  tertiary  periods,  as  the  case 
Hiay  be.     On  the  contrary,  if  we  find  other  strata  in  contact 
^th  the  same  masses,  but  only  touching  them  with  their 
edges,  or  encircling  their  base  in  an  unconformable  position, 
it  ia  evident  tliat  the  mountains  must  have  been  elevated 
tefore  the  formation  of  the  latter  deposits. 

It  is  by  cautious  inductions  of  this  kind,  that  a  distin- 
gutahed  savant,  M.  Elie  de  Beaumont,  has  shown, — 1  that 
tine  mountain-chains  of  the  Erzgebirge,  in  Saxony,  and  of  the 
C6te  d'Or,  in  Burgundy,  are  newer  .than  t\ia  Ixm'a.Xmsfe- 
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stone,  but  older  than  tlie  Greensand  and  Chalk.  2.  That 
the  Pyrenees  and  Apennines  are  of  about  the  same  age 
with  the  chalk-f<»rmation.  3.  That  the  western  part  of  the 
Alps  is  of  later  <Higin  than  the  older  tertiary  formations, 
and  was  raised  up  after  the  last  of  the  newer  pliocene  beds 
were  deposited. 

The  Caernarvon  chain  was  elevated  anterior  to  the  depo- 
sition of  the  moontain-limestoney  for  the  latter  wn^  round 
it  like  a  mantle.* 

Professor  Phillips  infers,  that  when  the  Grampian  Hills 
sent  forth  streams  loaded  with  detritus  to  straits  where  now 
the  Yallevs  of  the  Clyde  and  Forth  meet,  the  greater  part 
of  Europe  was  beneath  the  sea.  For  the  Pyrenees  and 
Carpathian  Mountains  are  younger  than  the  Grampians  and 
the  Mendip  Hills. 

That  the  tudden  protrusion  of  such  immense  masses  as 
the  Alps  or  Pyrenees  firom  the  bottom  of  the  ocean  must 
have  dislodged  vast  volumes  of  water,  and  created  a  series 
of  waves  high  and  powerful  enough  to  cause  transitory  but 
destructive  inundations  over  such  portions  of  the  adjacent 
dry  land  as  were  only  a  few  hundred  feet  above  the  level 
of  the  sea,  cannot  be  doubted ;  but,  if  the  elevations  were 
gradual,  such  effects  would  take  place  only  in  a  very  slight 
degree. 

39.  Systems  or  Eleyation. — From  the  facts  and  ob- 
servations that  have  been  adduced,  it  is  sufficiently  obvious 
that  prodigious  masses  of  granite  and  other  hypogene  rocks 
have  been  raised  into  ridges  and  mountain-chains  at  various 
periods,  and  long  after  their  first  formation  and  subsequent 
consolidation.  In  many  cases  the  protrusions  are  local 
and  of  comparatively  smaU  extent,  at  least  so  far  as  their 
distribution  on  the  surface  is  concerned;  for  very  distant 
isolated  peaks  of  plutonic  matter  may  have  a  deep-seated 
connexion.  But  in  other  instances  the  elevatory  force  has 
♦  Pto^eaaoT  Sedgwick. 


I  to.  THE  CALEDOKtAK  VALLEY,  921 

embraced  a  vast  area,  and  entire  mouBtak-cljEina  have  been 
Bimultaneoufily  and  permanently  lifted  up,  and  now  remain 
in  parallel  ranges ;  the  subordinate  parts  of  any  one  period 
or  ajatem  of  elevation  being  in  aceordancej  as  to  positioa 
and  direction,  with  the  principal  upheaved  masses.     Admit- 
ting the  general  correctness  of  these  views,  it  follows  that 
mountain- ridges  composed  of  vertical  or  highly  inclined  beds, 
emerging  from  beneath  horizontal  deposits,  must  have  been 
thrown  up  previously  to  the  deposition  of  the  latter ;  and  that 
their  upheaval  was  succeeded  by  a  long  period  of  repose, 
daring  which  the  flanks  of  the  mountains  beneath  the  sea 
were  covered  hy  the  horizontal  sediments ;  the  latter,  elevated 
above  the  waters  by  subsequent  movements,  now  form  the 
fertile  plains  which  surround  the  base  of  the  Alpine  districts. 
Professor  Sedgwick  remarks,  that,  if  we  admit  that  the 
higher  regions  of  the  globe  have  been  raised  from  the  sea 
bj  any  modification  of  volcanic  force,  w©  must  also  admit 
that  there   have   been  many  successive   epochs   of  extra- 
ordinary plutonic  energy,  separated  from  each  other  by  long 
periods  of  repose.*     The  sudden  formation  of  mountain- 
peaks  by  violent  upbursts  of  subterranean  force  may  be 
regarded  as  paroxysmal  efforts  of  the  expansive  power  by 
^hose  long'Contiuued  and  imperceptible  action  the  elevation 
of  continents,  and  of  extensive  areas  of  the  bed  of  the  ocean, 
ia  gradually  effected.f 

40-  The  CALEnoiriAir  Vallet. — The  British  Islands  afford 
striking  illustrations  of  the  long-eontinued  parallelism  in  the 
direction  of  the  disturbing  forces.  The  great  Caledonian 
Valley  extends  through  Scotland  almost  in  a  straight  line, 
from  S.  W.  to  K.  B.,  from  near  Lismore  Island  to  Fort 
Oeorge  in  Moray  Frith  ;  a  distance  of  more  than  a  hundred 

*  Attn  I  versa  rj*  Adtfrosg  to  the  Geologrical  Stidety,  for  1B3L 
t  See  Mr*  nakewell's  sagacLOiu  commentary  on  Ihts  question,  Ititro- 
ductiim  to  Geology,  p*  53L 
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miks.  This  magnificeiit  glen,  with  its  Bystem  of  lectflinear 
lochs  or  hkeSj  and  firiths^  has  been  produced  by  a  wedge- 
shaped  ridge  of  gneias  haying  been  npheared  in  a  solid  mass, 
and  forced  through  the  stratified  deposits  which  now  abot 
against  it  in  highly  inclined  positions.  That  this  vast  ridge 
of  plotonic  matter  was  in  the  state  of  a  hard  rock  when 
elevated,  is  inferred  from  there  being  no  interpolations  of 
Tolcanic  products  among  the  contiguous  Deronian  strata; 
and  from  the  latter  manifesting  no  indications  of  the 
changes  which  would  haye  been  induced  by  intense  beat. 
Hence  the  sharp  mountain-ridges  and  peaks  of  these  Alpine 
regions,  the  precipitous  glens,  the  narrow  passes,  and  the 
deep  lochs  studded  with  islands,  presenting  eveiy  yarietj  of 
combination  and  contrast  of  rock,  and  wood,  and  water, 
which  constitute  the  magnificent  scenery  of  the  Highlands. 
Now,  by  a  reference  to  a  geological  map  of  England  and 
Scotland,  it  will  be  seen  that  the  principal  mountains  or 
ridges  of  elevation  of  these  countries  extend  in  a  line  nearly 
parallel  with  the  direction  of  the  Caledonian  Valley,  from 
the  Atlantic  to  the  German  Ocean.  As,  for  example,  the 
Grampians,  which  have  thrown  up  the  Devonian  strata  on 
their  southern  flank  ;  the  nearly  parallel  range  of  the  great 
coal-field  of  Scotland;  the  Silurian  rocks  of  the  south  of 
Scotland ;  and  successively  the  principal  secondary  groups 
of  England.  "In  aU,'*  as  Mr.  Miller  observes,  "there  is 
an  approximation  to  parallelism  with  the  Caledonian  Valley, 
affording  proof  that  this  was  the  general  direction  of  the 
elevatory  force,  during  all  the  immensely-extended  term  of 
its  operations,  and  along  the  entire  length  of  the  Island."* 

•  The  Old  Red  Sandstone,  p.  105.  "  It  is  a  fact  not  unworthy  of 
remark,  that  the  profound  depths  of  Loch  Ness  were  affected  by  the 
great  earthquake  of  Lisbon  in  1755  (p.  843)  ;  and  that  the  impulse,  true 
to  its  ancient  direction,  drove  the  waves  in  long  furrows  to  the  north-east 
and  south-west."     See  Appendix,  D. 
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41.  Stbuctubb  of  Ben  Nevis. — Thougb  all  granitic 
rocks  are  of  the  same  general  character  as  to  structure, 
composition,  and  formation,  they  belong  to  different  epochs ; 
and,  when  in  juxtaposition,  or  intercalated  with  sedimentary  . 
beds,  their  relative  age  may  be  determined,  as  we  have 
previously  explained.  Even  when  these  aids  are  wantmg, 
different  epochs  of  eruption  are  sometimes  indicated  by 
variations  in  the  mineral  aspect  of  the  rocks ;  and  I  will 
conclude  this  subject  with  a  short  notice  of  a  highly  illus- 
trative example. 

Ben  Nevis,  the  monarch  of  the  Scottish  mountains,  is 
situated  on  the  southern  border  of  the  great  Caledonian 
Valley,  suddenly  rising  up  in  imposing  grandeur  from  the 
low  country,  to  an  altitude  of  4370  feet  above  the  level  of 
the  sea.  The  base  and  lower  portion  of  the  mountain  are 
composed  of  gneiss  and  mica-schist;  above  and  within  which 
is  a  zone  of  granite ;  and  within  the  latter,  and  rising  out 
of  it,  is  a  central,  naked,  rocky  prism  of  porphyry,  which  is 
the  nucleus,  and  forms  the  highest  peaks  of  the  mountain. 

The  inference  as  to  the  relative  age  of  these  three  dif- 
ferent masses  of  plutonic  rocks  from  their  order  of  super- 
position is  the  very  reverse  of  that  deducible  from  such  au 
assemblage  of  sedimentary  strata.  In  the  present  case  the 
outer  or  overlying  gneiss  and  mica-schist  that  envelope  the 
lower  region  of  the  mountain  are  the  most  ancient;  the 
granite  is  the  next  in  age,  having  protruded  through  and 
upheaved  the  gneiss ;  and  the  central  nucleus  of  porphyry 
ia  the  youngest,  or  last  erupted  rock,  having  been  forced 
up  through  the  dome  of  granite.  These  three  phases  of 
plutonic  action  may  have  taken  place  at  different  and  veiy 
distant  periods ;  in  like  manner  as  the  beds  of  tuff  and 
acorisB  of  Vesuvius  or  Etna,  ejected  a  thousand  years  ago, 
may  be  upheaved  and  traversed  by  the  modem  eruptions  of 
incandescent  lava. 
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42.  Betbosfeot. — I  now  approacH  the  termination  of 
this  argument,  and  it  will  be  instructiye  to  review  die 
phenomena  which  have  passed  before  us,  in  order  that  we 
may  retain  a  clear  conception  of  the  leading  principles  and 
inferences  that  have  been  enunciated.  I  shall,  therefore, 
in  the  first  place,  offer  a  summary  of  the  most  important 
changes  which  have  taken  place  in  the  animal  and  vegetable 
kingdoms,  and  in  the  physical  conditions  of  the  earth's 
surface,  during  the  vast  periods  which  our  investigations 
have  embraced ;  and  conclude  vidth  a  retrospective  survey  ol 
the  effects  of  vital  action  in  the  elaboration  of  the  solid 
materials  of  the  crust  of  the  globe. 

With  the  view  of  recalling  the  principal  facts,  I  now  place 
before  you  the  series  of  Illustrations  employed  in  these 
Lectures,  that  you  may  perceive  at  a  glance  the  striking 
contrast  presented  by  the  Paunas  and  Floras  of  the  respect- 
ive geological  epochs.*  In  the  first  stage,  traces  of  the 
existing  species  of  animated  nature  were  everywhere  appa- 
rent ;  and  works  of  human  art,  with  the  bones  of  man  and 
the  remains  of  contemporaneous  animals  and  vegetables, 
were  found  in  the  modem  deposits.  In  the  preceding  era 
(the  Tertiary)  many  existing  species  and  genera,  of  plants 
and  animals,  were  absent.  Large  terrestrial  pachydermata 
greatly  predominated,  and  the  vegetation  was  principally  of 
a  character  referable  to  temperate  and  intertropical  climes; 
while  the  seas  abounded  in  fishes,  crustaceans,  and  mollusca, 
as  at  the  present  time. 

The  next  period  (the  Cretaceous)  presented  a  wide  ocean, 
teeming  with  the  general  types  of  marine  beings,  but  of 
different  species  and  genera  to  those  of  the  later  eras,  and 

*  The  reader  may  realize  this  idea  by  referring  to  the  illustrations  of 
these  volumes,  commencing  with  the  fossil  human  skeleton  (vol.  i.  pp.  87 
and  88),  and  proceeding  from  the  large  mammalia  (pp.  153,  168,  176), 
to  the  last  of  the  series,  the  fossils  of  the  paleeozoic  deposits  (pp.  794, 
828,  and  829). 
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bearing  a  large  proportion  of  extinct  cephalopodous  mol- 
lusca.  Some  algsB  represent  the  marine  flora ;  and  drifted 
trunks  and  leaves  of  cycads,  conifers,  and  dicotyledonous 
trees,  and  a  few  reptiles,  were  the  only  indications  of  the 
dry  land  and  its  inhabitants.  The  delta  of  a  vast  river  now 
appeared  (the  Wealden)^  containing  the  spoils  of  an  exten- 
sive island  or  continent ;  and  the  remains  of  colossal  reptiles, 
of  small  mammalia,  and  of  insects,  and  of  extinct  tropical 
plants,  marked  the  era  of  the  country  of  the  Iguanodon. 

We  were  then  conducted  to  other  seas  (those  of  the  OoUte 
and  lAas)^  the  waters  of  which  abounded  with  fishes,  mol- 
luscs, and  zoophytes,  and  were  inhabited  by  marine  reptiles, 
wholly  imlike  any  that  now  exist ;  while  the  dry  land  was 
tenanted  by  enormous  terrestrial  and  flying  reptiles,  small 
marsupial  animals,  and  insects,  and  possessed  a  subtropical 
flora  of  a  peculiar  character. 

The  Triassic  deposits  showed  us  a  somewhat  similar  group 
of  animals  and  vegetables.  But  in  the  JPermian  strata, 
though  so  similar  in  mineralogical  characters  to  the  last,  we 
met  with  a  totally  diflerent  fauna  and  flora ;  and  indeed 
entered  upon  the  palaozoic  system  of  life,  having  passed 
downwards  through  the  successive  periods  of  the  neozoic 
system.  The  Permian  sea  was  full  of  life,  and  the  land 
\ra8  clothed  with  ferns  and  conifers,  and  was  inhabited  by 
many  reptiles,  which  united  the  characters  of  the  saurians 
and  the  batrachians ;  and  possibly  mammals  also  existed.* 

The  succeeding  era  disclosed  extensive  regions  covered  by 
%  luxuriant  vegetation  (the  Carboniferous) ;  with  jungles 
md  forests  of  arborescent  ferns,  coniferse,  and  gigantic  trees 
related  to  the  existing  club-mosses  and  equisetaceaB ;  the 
Qiunerical  preponderance  of  the  flowerless  plants  constituting 
I  botanical  character  unknown,  with  but  one  exception,  in 
nodem  floras.  The  land  bore  sauro-batrachian  reptiles  and 
insects ;  the  fresh  and  brackish  waters  swarmed  with  moL 
•  According  to  Emmons ;  see  ^.  Vl^. 


InscBy  enuteeean^  and  flriiet;  ud  tti  <MHi  mboondad 
in  fiflheiy  rndfiua^  and  loopbytea,  of  peeaHar  genoa  and 
apeciea.  We  adiaiiead  to  oAer  oeeaai  (A»  Dmfomim  and 
the  SOmtim),  Ab  xepoaitoriea  of  eot«l%  ctbiaidi»  and  mot 
luaca;  allof  the  palttOBoie  typea  of  fimi.  ISie  DemmaB 
wateni^  too,  awanned  with  flahea»  aooM  of  Hiaaa  mnakt  t» 
tiioae  of  the  Oarboniferoua  period;  and  m  ,1bw  leptflei 
eziated.  The  SihiriaiL  aeaa  wofe  for  a  long  tine  deatiti^ 
i^paientlyor  fiah;  but  at  laat  a  feir,  aimiltf  to  thoae  tfart 
abounded  ahortty  aftenrarda,  appealed  btfbte  the  Sflnma 
period  doaed.  IntiheBevonianaerieaiPeaaMrabimdaotii^ 
lies  of  tematrial  YegeMkn^  lelatad  to  tint  of  the  Oit» 
boniferonalanda;  nor  k  aome  tiaee  of  audi  s  flemnatiBg 
in  the  later  portion  of  the  6Qnxiaii  age. 

But  as  we  proeeedad  in  a  J^^mmttnAmg  onfar,  ttaee*  of  ni- 
mal  and  yegetaUe  eziatenee  became  leai  and  leai  manifei^ 
and  were  at  length  ledneed  to  worm-nuBln  andafewdoatt- 
fid  sea-weeds ;  titese  fiiuJlj  diaappearedi,  and  dobiooa  TOitigei 
of  infusoria  were  the  last  indications  of  organic  life. 

43.     SUCOESSTYE   CHAVOES   IK  THE   OBaAKlO  IJKOD0X8. 

— If  we  reverse  tbe  order  of  oup  retrospective  survey,  and 
pass  in  succession  firom  tbe  most  ancient  to  the  modem  de- 
posits,— firom  the  regions  of  sterility  and  plutonic  action, 
to  those  in  which  animal  and  vegetable  life  were  profuself 
developed, — we  obtain  the  following  results : — 


I  CBARAOm  07  TBB  FOSSIL  FLO&JB. 

^^;^  Fucoids. 

~l^  f  Lycopodiaceoufl  remainfl  in  the  upper- 
most beds. 


y 


arc  I  Fucoids,  Lycopodiacese,  Calamitaceae, 
are  |      Ferns,  and  Conifers. 

a.)  J 

ilst^  Fucoids,  Fungi,  LycopodiacesB,  Cala- 
ace  I     mitaceae   and   EquisetacesB,  Ferns, 
\  of  j      Conifers,  Cycads,  and  some  Phanero- 
•^      gamic  plants. 

^"*1  Fucoids,  LycopodiaceaB,  Calamitace®, 
^ '  y  and  Equisetaceae,  Ferns,  Cycads. 
^  J      and  Conifers. 

la,^  Fucoids,  Equisetacese,  Conifers,  and 
ip-  I  Cycads.  ^The  last  are  more  abund- 
J      ant  thtm  in  the  Palseozoio  ages.) 

.^-^ 

ita 

8). 

Fucoids,  Fimgi,  Lycopodiacese,  Chara- 
ceae,  EquisetacesB,  Ferns,  Cycads, 
Palms,  Cfonifers,  and  Annospermous 
plants.  (The  last  were  plentiful  only 
in  the  Cretaceous  period.) 


The  numerous  families  of  the  Acoty- 
ledonous,  Monocotyledonous,and  Di- 
cotyledonous classes  that  exist  at  the 
present  day.  (See  p.  734.)  (The 
abundance  of  Angiospermous  vege- 
tation characterizes  the  Tertiary 
flora,  as  distinct  from  that  of  the 
Secondary  periods.) 


1  to  hare  been  made  by  Birds ;  and  now  eren  Prof, 
iks  that  AfraHiz'i  Tiew  of  their  haying  been  made  bj 
w  occun  in  the  Dinomls ;  showing  that  the  preM&M 
bore,  p.  688. 

Clb/ac«pa9«Vlft- 


,:iif 
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This  sketch,  afforded  by  the  accompanying  table,  presents 
an  outline  of  the  most  striking  changes  observable  in  the 
succession  of  organic  beings  preserved  in  the  respective 
formations. 

In  this  view,  fucoids,  annelides,  zoophytes,  crinoids,  crusta- 
ceans, and  molluscs  afford  the  oldest  evidences  of  organic  ex- 
istence remaining  to  us.  These  receive  the  addition  of  lyco- 
podiaceous  plants  on  the  one  hand,  and  of  fishes  on  the  other : 
both  possibly  indicating  the  growing  up  of  a  neighbouring 
shore  in  the  Upper  Silurian  sea  of  the  British  area.  In  the 
succeeding  periods  reptiles  and  insects  appear,  vdth  sauroid 
and  other  fishes,  and  an  immense  development  of  vegetable 
forms,  particularly  of  the  cryptogamic  class.  Large  reptiles 
next  prevail  to  an  extraordinary  degree ;  and  doubtful  indi- 
cations of  birds,  and  a  few  small  mammalia,  attest  the  existence 
of  •the  higher  orders  of  animals.  The  vegetable  kingdom  is 
greatly  modified  ;  palms  appear,  and  plants  and  trees  of  the 
cycadeous  and  coniferous  tribes  preponderate.  The  next  re- 
markable change  is  in  the  sudden  increase  of  mammiferous 
animals,  and  the  reduction  of  the  reptile  tribes ;  the  large 
extinct  pachydermata,  as  the  mastodon,  mammoth,  &c.,  asso- 
ciated with  existing  genera  and  species  of  other  classes  of 
animals,  first  appear!  From  this  period  to  the  creation  of 
Man,  there  are  no  striking  general  modifications  in  the 
various  orders  of  animal  and  vegetable  existence. 

Hence,  according  to  our  present  palaeontological  know- 
ledge, the  first  appearance  of  certain  classes  and  orders  of 
animals  was  in  the  foUovnng  chronological  orders ; — 

"^^'**-  .  rRadiaria. 

[    Invertebrata  J  Crustacea  (Entomostraca). 

v/AMBRIAN   AND     1  i  »«    n 

/  (.  Mollusca. 

SILURIAN         i  vertebrata.  )  Fishes  (Cephalaspidea 

\  (In  the  Ludtow  rocks  only.)  J      and  Placoids). 

^  (  Fishes  of  several  families,  but  all  heteroc^oal, 

Devonian    .    .  ^  „      -,     ,  ^^„. 

(  Rephlea  (rare;  p.  797 V 
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B8ptflai^  mmieroiis  (Batwdm  wuriim). 


Qroiftaeeuu,  of  hii^  gnde  dm  the  ] 

{ReptilM  (Bttnfcdio  wimiiw  and  ffanriam), 
Mamna]!  (CaMtham  Ooal-aak!,  Nocth  OmoUbi}. 
^  ViAmf  msi^j  komoetretO, 
\  BaplflM,  abundant  (B«HirhO"anirianii,  1 


(andoUien). 
1 


JunABBIO    AMD      . 

GanACioim    < 


PBEMIAir 

Tnuanc. 

I      anaoi 

I  (Stattgart). 

rGnafcTmatrial 

Pterodadylea. 

Crocodilian  Sanriani, 

Several  MammaUa  (Paehjdeim  [8tawwgnaHnMl,Mifr 

aupial,  Inaeoli:?oioiiB»  and  OaUoean  f). 

Birdar 

^Fnihwater  Pnlmoirifarona  Mottoaca. 

(MamBMJia  of  all  o(den»  esoept  Han.    (Tha  Mm^ 
nantia  and  Probfoaddea  ^peand  laat.) 
Biida. 

POST-TBRTIARY         Man. 

It  was  from  this  apparently  successive  deyelopment  of 
living  beings,  from  the  most  simple  to  the  most  compki 
organizations,  that  the  geological  theory  which  once  pre- 
vailed took  its  rise ;  *  but  I  scarcely  need  remark,  that  tiia 
facts  we  have  stated  warrant  no  such  inference :  for  mug 
of  the  fossil  animals  which  appear  in  the  most  ancient  or 
earliest  strata  belong  to  orders  having  a  highly  devek^ 
organization.  Nor  does  the  vegetation  of  those  remote  pe* 
riods  lend  any  real  support  to  such  a  hypothesis ;  conifenB 
and  the  most  perfectly  organized  of  the  cryptogamic  dass 
forming  the  flora  of,  at  least,  the  Fpper  Palsdozoic  period. 

44.  Qeologioal  bifeots  op  dtnamical  Ain)  chekicai 
ACTION. — The  physical  changes  that  have  taken  place  on 
the  earth's  surface  are  in  perfect  harmony  with  the  modi- 
fications  observable  in  animated  nature ;  for  the  laws  of  I 
mechanical  and  chemical  action  are  inseparably  connected  I 
♦  See  Organic  UemaVna  ol^k'^oxtoBi'^^iA.^^s^^i^.  449.         i 
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;h  tlioae  which  govern  vital  p  hen  omen  a;  and  we  have 
ontrovertible  endencej  that,  throughout  the  vast  periodi  j 
T  which  our  observationa  have  extended,  the  same  cauae§ ' 
re  operated,  and  the  same  eSects  followed.  Thus,  heat  and 
i,  dfOTight  and  moisture^  and  other  meteoric  mfiuences, 
e  denuded  the  loftiest  peaks, — rivuleti  and  torrents  have 
ded  the  sides  of  the  mountain- chains, — streams  and  rivers 
e  channelled  the  plaina  and  transported  the  spoils  of  the 
d  into  the  bed  of  the  ocean, — the  waves  of  the  sea  have 
ited  its  shores,  and  destroyed  the  cliffs  and  rocks  which 
josed  their  progress,— silt  has  been  changed  into  clay, — 
mreona  mud  into  limestone,— sand  into  sandstone,— 
fbles  and  shingle  into  conglomerates  and  breccia, — and 
raal  and  vegetable  remains  have  been  imbedded,  and  added 
;he  mineral  accumulations  of  the  past  ages  of  onr  planet. 
Jeneath  the  surface,  the  action  of  electro -chemical  forces 
been  alike  unintermitting, — ^ vegetable  matter  has  been 
iverted  into  bitnmen,  coal,  amber,  and  the  diamond, — 
feh  into  crystals, — limestone  into  marble, — *clay  into  slate^ 
md  sedimentary  into  crystalline  masses  traversed  by  me- 
iferous  veins ;  the  volcano  has  ponred  forth  its  rivers  of 
Iten  rock, — ^the  earthquake  rent  the  solid  cruet  of  the 
be, — beds  of  seas  have  been  elevated  into  mountains, — 
isidencea  of  the  land  and  irrnptions  of  the  ocean  have 
en  plaee,^and  the  destructive  and  conservative  influences 
ealoric  and  of  water  have  been  constantly  exerted ;  the 
ises  of  action  have  alone  differed  in  duration  and  intensity. 
^^  Ages  baTe  roll'd  their  course,  and  Time  grown  grey* 
The  eartli  has  pather'd  to  her  womb  again ,  i 

And  yet  agaioi  ihc  myriads  that  were  bora  M 

Of  her  uncounted,  unreraemher*d  tribea.  ■ 

The  seas  have  chauged  their  beds,— th'  eternal  hilla  I 

Have  Jitoop'd  wiih  age, — the  solid  continenta  I 

HaTc  left  iheir  place,— aud  Man's  imperial  works,  ■ 

The  toUj  pride,  atrerij^h  of  kingdomii,  which  had  flung  1 

Their  hauphty  honours  in  the  face  of  heaven, 
Aa  if  iinmwrtai,  ha^e  been  swept  ^way ."         Ut-tiwi  "^^  kwi.. 


932  THE  WONDERS  OF  GEOLOGY.  Lbct.  Vm. 

45.  Strata  composed  op  oegawic  remains. — ^In  a  pre- 
vious discourse  (Lect.  VI.)  I  dwelt  upon  the  highly  inter- 
esting suhject  of  the  elaboration  of  calcareous  and  silicioiis 
strata  from  gaseous  and  fluid  elements  by  vital  action,  and 
the  formation  of  islands  and  continents  by  the  agency  of 
countless  myriads  of  living  instruments.  Let  us  for  a  mo- 
ment consider  how  far  the  present  mineral  constituents  of 
the  earth's  crust  have  been  derived  from  organized  beings. 

The  strata  of  vegetable  origin  consist  of  peat,  of  forests 
ingulfed  by  subsidences  of  the  land,  or  imbedded  in  the 
silt  and  mud  of  rivers  and  deltas,  or  in  the  bed  of  the  ocean, 
— of  the  lignite  and  brown-coal  of  the  tertiary  deposits,— of 
the  coals  and  shales  of  the  carboniferous  strata, — of  the 
fucoid-beds  of  various  ages, — and  of  the  silicified  and  calcified 
trunks  of  trees  in  the  tertiary,  secondary,  and  upper  palaeo- 
zoic formations. 

But  the  strata  which  consist  wholly,  or  in  a  great  mea- 
sure, of  animal  exuviae  are  so  numerous,  and  of  such  pro- 
digious extent,  that  the  interrogation  of  the  poet  may  be 
reiterated  by  the  philosopher — 

"  Where  is  the  dust  that  has  not  been  alive  ?  "        Young. 
For  there  is  not  an  atom  in  the  crust  of  the  globe  that  may 
not  have  passed  through  the  complex  and  marvellous  labor- 
atory of  life ! 

Thus  we  find  that  all  the  varied  orders  of  animals,  from 
the  Animalcules  up  to  Man,  have  contributed,  more  or  less, 
by  their  organic  remains,  to  swell  the  amount  of  the  solid 
crust  of  the  earth.  The  following  table  presents  a  concise 
view  of  some  of  the  most  obvious  examples  of  this  indisput- 
able fact : — 

Rocks  composed  wholly  or  partly  of  Animal  Remains. 

Strata.  Prevailing  Organic  Remain*.  Formationt. 

Graptolite-schists     .     Graptolites Llandeilo  rocks 

Trinucleus-shalea     .    Trilobites Caradoc  rocks 

Pentamenis-rock      .    Pen\a.met>ia\«ta,  %lc«    *    •    lAaadovery  rocks 
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Btrata.  PraraillBg  Organic  BenudM.  Formations. 

Gothland-limestone    i^'y^>     brachiopod*   }  Wenlock  rocks 

\     corals,  &c ) 

Nayicula-band    .    .    Athjrris  navicula  ....    Ludlow  rocki 
Bone-bed  ....    Coprolites,  fish-bones,  &c. .     Ludlow  rocks 

CephaUspis-bed.     .  {Fi»l»-«>'»»ta»     »    "»<>"^  \  Old  Red 
I     concretions  •«.../ 

GsiUmess-flags     .    .    Fish-remains  and  bitumen    Old  Red 

Deyon-marbles    .       i^^  /^^    -heW*    *"^\  Devonian 
\     crinoids j 

Cdeeola-sdust     .    . /Calf~'»»»dalinaandother  J  jj^^^^^ 
(     shells / 

Qymenia-Umestone  .  {     y"®°"^  IT^^^  *  *i*  3!     I  Devonian 
'  V     other  shells,  and  tnlobites) 

,,_.-.         , .  ^         (   Minute       entomostraca,    >  -, 

^>m^-'^'    •[       AeUs.pI«iU.&o.   ^J1>«»0'»«> 

Coral  marble  .     .     .    Corals,  brachiopods,  &c.    .    Mountain-limestone 

...  f  Crinoids,  brachiopods,  &c.      Mountain-limestone 

SWl-Umestone    .    .  {  B«^°P°'J».  foramlnifera.  j  Mountain-limestone 
Fosulina-rock      .    .    Fusulina  cylindrica  .    .    .    Mountain-limestone 

PiA-beds.    .    .    .('^~'^^»PV"f  ''^^|Mountam-Hmestone 
\     With  shells  and  corals     .  / 

u      1  V  ( Freshwater  shells,  such  as )  ^    , 

Mmiel-bancis .    .    .  i  ,  .     ^  ( Coal-measures 

\     anthracosiae,  &c.  ) 

InmUme-nodales    .    Limoli,  insects,  and  shells       Coal-measures 

^•shales     .    .     .    Palseoniscus,  &c Coal-measures 

fForaminifera,    entomostra-  \ 
ca,  bryozoa,  corals,  and  >  Permian 
shells  ) 

Muchelkalk  orshell- )  «,  ,,       .     .^     ^  ^. 

^^  J  Shells,  crinoids,  Ac. .    .    .     Trias 


Hmeitoiie 

(Bones,  teeth,  and  coprolites  \ 
of   fishes,  reptiles,    and  >  Trias 
mammals  (rare)     .    .     .  / 
^■"aonite-Umestone  ) 

and  [  Ammonites Liiis 

Ammonite-shale   .     ) 

/  Shells  and  crinoids,  with  \ 
**'«<-rock  ,    .    ,    .  j     bones    of    reptiles    and  >  Liiw 

'     fishes ) 
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Strata- 

Gryphite  limestone  . 

Cephalopoda-bed 

Shelly  limestone .  . 

Stonesfield-oolite 

Caen -stone  and 

Bath-stone  .    .  . 

Forest-marble .    •  . 

Kelloways-rock   .  . 

Coral-rag    .     .     .  . 

Nerinsea-Iimestone  . 

Portland-stone     .  . 

Chert  and  flint      •  . 

Corbula-beds  .    .  . 

Cinder-bed      .     .  . 

Purbeck-marble  .  . 

Sussex-marble      .  • 
Tilgate -stone  (some 

beds) 

Lobster-beds   .     .  . 

Kentish  rag     .     .  . 

Oyster-beds     .     .  . 

Farringdon  gravel  . 

Ammonite-bed     .  . 

Chert  and  flint      .  . 

Greensand  .     .     .  . 

Hippurite-limestone . 

White-chalk   .    •  . 
Fiiot      .... 


Prerailing  Orfanic  Remabu. 

Gryphffis  and  other  shells  . 
Remains  of  ammonites  and 
belemnites,  with  fish-re- 
mains     ;....• 
Terebratuleand  other  shells 
( Shells,  reptiles,  fishes,  and  ) 

^     insects ' 

( Shells,  corals,  crmoids,  rep- ) 
(     tiles,  and  fishes     .    .     .  / 

{Debris    of     shells,    echi-) 
noderms,  &c.     .     .        .  / 

Ammonites  and  other  shells 

Corals,  shells,  &c.      .     .     . 

Nerineete  and  other  shells  . 
( TerebrsB,     trigoniae,     am- ) 
\     monites,  and  other  shells  / 

Sponges,  &c 

Corbulae  and  other  shells    . 

Ostrsea  distorta    .... 

Paludmse  and  cypride  .    . 

Paludinae  and  cypridae  .     . 
(  Bones  of  reptiles  and  fishes, ) 
\     and  freshwater-shells      .  / 

Meyeria  vectensis     .     .     . 

Terebratulae  and  other  shells 

Ezogyrs,  plicatulae,  &c.    . 
(  Sponges,    bryozoa,   shells, ) 
\      echinoderms,  &c. .     .     .  / 

(Fragmentary     ammonites,  \ 
with    other    shells,   and  | 
crustaceans,  wood,  &c.  .  / 
Sponges,  shells,  &c.      .     . 
( Casts  of  chambers  of  fora- ) 

(      minifera / 

(  Hippurites,  radiolites,  and  ) 

I     other  shells / 

/  Sponges,  foraminifera,  bry- 
J  ozoa,  echinoderms,  crus- 
I  tacea,  shells,  fishes,  and 
^     aotae  ie^v^Afe%    .    ,    »    . 


PonaatimM. 

Lias 

Oolite 

Oolite 
Oolite 

Oolite 

Oolite 

Oolite 
Oolite 
Oolite 

Oolite 

Oolite 

Purbeck 

Purbeck 

Purbeck 

Wealden 

Wealden 

Lower-greensand 
Lower-greensand 
Lower-greensand 

Lower-greensand 


Gault 

Upper-greensand 
Upper-greensand 

Chalk 
Chalk 
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Strata.  PnTalling  Organic  Bemain*.  Vormatlonft. 

{Sponges,     foraminifera,    v 
corals,  bryozoa.  ecWno-  L^^^ 
derms,  Crustacea,  shells,  i 
fishes,  and  reptiles      .     .  ^ 
Faxoe-chalk    .    .    .    Bryozoa,  shells,  &c. .     .    .    CSialk 

Woolwich  shell-bed .  {  "S.^.T"."'  ""!  "^^  )  ^°''«'« 

{Remains  of  nautili  or  other . 
shells,  of  fishes,  or  of  |  „ 
mammals,  enclosed  in  I 
concretionary  nodules  .  f 
SNummulites  and  other  fo-« 
raminifera,  with  shells,  J  Eocene 
fish-remains,  &c.  .     .    .  ) 

,             (AlveolmsB  and  other  fora-\_, 
Alveolina-rock    .       i         .  .-  t  Eocene 

•  I     mmifera J 

^  ,    .  {  Foraminifera,  bryozoa,  and  \  _ 

Calcaire-grossier  •     •  I       v  it-  /  Eocene 

Gypsum-beds  of      •  (  Bones  of  mammalia,  birds, )  -, 
Montmartre    .     .  i     Ac /  '^^^^^^ 

Indusial  limestone       i  Cases  of  phryganeee,  with  \ 

ofAuvergne     .     .(     freshwater  shells   .     .     J^^^^^^ 

Fish-beds  of  Monte  I  -,.  ,  „ 

Bolca     .    .    .    .)^"^ ^"x^*"" 

tEningen-beds    .    .{ """"■»"•    "P*"*^'  «*•»- 1  Eocene 
\     msects,  «c ) 

Paludma-beds  of       \  „  ,    ..        „  „ 

HeadonHill    .     .  j  Paludmee,  Ac Eocene 

Falunian  beds  of        i  Foraminifera,  bryozoa,  echi-  \  ^. 
Touraine,  &c.      .  \     noderms,  shells,  fishes.  &c. )  ^^°^®"® 

Subhimalayan  beds.  {^^  1^  °'*°^"^*^^*'   "^i  Miocene 
\     tuia,  &c ) 

{Sponges,     bryozoa,     cms- 1 
tacea,  echinoderms,  mol- }  Pliocene 
luscs,  &c ' 

Bone-breccia  .     .    .     Mammalia  and  land-shells .    Pliocene 

Bermuda-limestone    (Co^'line*.  corals,  serpulaj,  i  ^^^^^ 
\     shells,  crustaceans,  &c.  . ; 

^      ,  t  i.  ( Human  bones,  land-shells.  \ 

Guadaloupe  -  lime  -  J      «  ,   '  .      .         ,   I  ^ 

stone  J     Ac,  m  a  debiia  ot  coi«\%N  ^^^^\. 

'    '    '    '  \     and  shells      .     .    .     .     » 

3  o  2 
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ThiB  list  might  be  eolaiged  to  a  much  gxeiter  extent,  tot 
I  have  omitted  numerooa  stnta  in  which  animal  remaiDi 
largely  predominate^  such  as  the  lingula-flagi^  ddthjrii- 
shale,  pentremite-limestones^  and  tiia  apnelide  sandntonei 
of  Cambriany  Silurian,  and  CarboniftroiiB  age ;  and  in  tin 
tertiary  and  modem  periods  every  order  of  animated  nstnn 
is  found  to  have  contributed,  more  or  lees  hugely,  to  the  ■»• 
dimentaiy  deposits;  the  bones  of  Man  appearing  only  in  tiie 
most  recent  accumulations;  and,  by  the  geblogicsl  eaniei 
now  in  action,  not  only  the  remains  of  the  existing  orden  '. 
of  animals  and  vegetables,  but  also  works  of  human  srt,ai6  I 
daily  added  to  the  soUd  crust  of  tii6  |^be. 

46.  G-iiriBALl]nissiross.'---Bestricting  ourselves  witUn 
the  bounds  of  legitimate  induction,  and  forbearing  to  apeoiip 
late  on  those  points  which  rest  oninsuflBqient  or  questionaUa 
data,  we  may  venture  to  draw  some  genertd  inferences  aaio 
the  vaiying  physical  conditions  of  the  sur&ce  of  our  pfamet, 
and  of  animal  and  vegetable  life,  throughout  the  immenfle 
periods  contemplated  by  geology. 

From  the  remotest  epoch  in  the  earth's  history  recog* 
nisable  by  man,  to  the  present  time,  we  have  seen  that 
the  mechanical  and  chemical  laws  which  govern  inorganic 
matter  have  undergone  no  change.  The  wasting  away  of 
the  solid  rocks  by  water,  and  the  subsequent  deposition  and 
consolidation  of  the,  detritus  in  strata,  and  their  metamo^ 
phisro  by  high  temperature, — the  subsidence  of  the  dryland 
beneath  the  sea,  and  the  elevation  of  areas  of  the  ocean-bed 
above  the  waters,  and  the  formation  of  new  islands  and 
continents, — the  decomposition  of  animal  and  vegetable  sub- 
stances on  the  surface,  and  their  conversion  into  stone  or 
coal,  under  circumstances  in  which  the  gaseous  principlo* 
were  confined, — the  transmutation  of  mud  and  sand  into 
rock,  and  of  earthy  minerals  into  crystals, — these  physical 
changes  have  been  constantly  going  on,  under  the  influence 
of  those  fixed  and  immutiaAila  laws  established  by  Divine 
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Providence  for  tbe  mainteTiaTice  and  renovation  of  the  ma- 
terial Universe.* 

And,  although  among  the  sentient  beings  which  have  from 
time  to  time  inhabited  the  earth  we  discover  at  SQceessive 
perioda  the  appearance  of  new  fonns,  which  flouriaheti 
awbile  and  then  passed  away,  wliile  other  inodifications  of 
life  sprung  up,  and  after  the  lapse  of  ages  in  their  turn 
were  annihilated ;  yet  the  lawa  which  gov^erned  their  ap- 
pearanoe  and  extinction  were  evidently  in  perfect  harmony 
wth  those  which  regulate  inorganic  matter.  Every  speciei 
was  especially  adapted  to  some  peculiar  state  of  the  earth 
at  the  period  of  its  development ;  and,  when  the  phyaical 
conditions  changed,  and  were  no  longer  favourable  for  the 
cotiti nuance  of  that  type  of  organization ^  it  became  eitiiict^ 
The  creation  of  Man,  and  the  establishment  of  the  present 
order  of  things,  which  we  are  taught,  both  by  Eevelation 
and  by  natural  records,  took  place  but  a  few  thousand 
years  ago,  are  events  beyond  the  speculations  of  Geology. 

It  follows  from  what  has  been  advanced,  that  both  animate 

and  inanimate  nature,  linked  together  by  indissoluble  ties  of 

mutual  adaption,  have  been  governed  by  the  same  mechanical, 

chemical,  and  vitnl  laws,  from  t>ie  earliest  geological  epoclis 

to  the  present  time;   and  that  the  absence  of  the  fossil 

remains  of  whole  orders  of  animals  in  the  palsoEOic  ages, 

although,  perhaps,   in   some   measure^  attributable  to   the 

feeble  development  of  those  types  of  being,  may  have  been 

occasioned  by  the  obliteration  of  their  remains  in  the  rocks, 

from  the  sub  sequent  effects  of  high  temperature:    at  the 

same  time  it  must  be  borne  in  mind  that  we  are  examining 

the  beds  of  ancient  ocenna»  and  may  not  yet  have  explored 

those  parts  of  the  old  sea-beds  in  which  the  spoils  of  the 

land  are  concealed. 

47.  The  Aitctt.nt  WoBLn.  —With  ref^ard  to  the  surfare 
of  the  efirth  in  the  ancient  periods  comprehended  in  our 
aurvey,  there  can  be  little  doubt  that  its  ^h^aic^l  ^fe^^^e^^iH 
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presented  the  same  general  features  as  in  later  times ;  and 
that  then,  as  now,  the  land  was  diversified  by  hills  and 
dales,  mountains  and  glens,  volcanic  peaks,  elevated  regions 
of  perpetual  snow,  and  vast  areas  of  eternal  ice, — sterile  and 
sandj  deserts,  and  fertile  alluvial  plains,  irrigated  by  streams 
and  rivers ;  the  only  important  discrepancy  being  the  high 
climatorial  temperature  that  prevailed  over  extensive  areas 
at  certain  epochs,  and  the  corresponding  modifications  in 
the  organic  kingdoms.  (See  above,  pp.  772,  &c.)  But  even 
the  most  remarkable  anomalies  in  the  terrestrial  faunas  and 
floras  of  the  palaeozoic  ages  are  not  without  a  parallel  at  the 
present  time. 

Thus  New  Zealand  with  its  peculiar  flora,*  characterized  by 
the  predominance  of  ferns,  club-mosses,  &c.,  to  the  almost 
entire  exclusion  of  the  graminaceous  tribes, — and  its  mam- 
malian fauna,  consisting  of  but  two  very  small  species  of 
quadrupeds  (p.  757), — and  the  bones  of  recently  extinct 
struthious  birds, — presents  a  general  correspondence  with  the 
lands  of  the  Carboniferous  and  Permian  periods.f  Australia 

♦  See  Medals  of  Creation,  vol.  i.  p.  210. 

f  In  a  general  retrospective  view  of  this  kind,  the  minor  subdivisions 
or  formations  must,  of  course,  be  disregarded  ;  and  while  on  this  subject, 
I  would  direct  attention  to  the  following  remarks  of  Mr.  Leonard  Horner 
in  his  Presidential  Address  to  the  Geological  Society,  1847  :  — 

**  By  whatever  names  we  designate  geological  periods,  there  appears 
to  exist  no  clearly  define*  boundaries  between  them  in  reference  to  the 
whole  earth :  such  a  marked  line  may  be  seen  in  particular  localities, 
but  every  year's  experience,  and  our  more  intimate  acquaintance  with 
the  phenomena  exhibited  in  different  countries,  and  with  the  distri- 
bution, structure,  and  habits  of  animals  and  vegetables,  teach  us  that 
there  is  a  blending,  a  gradual  and  insensible  passage  from  the  lowest  to 
the  highest  sedimentary  strata,  particularly  in  respect  of  fossil  remains. 
The  terms  we  employ  to  designate  formations  can  only  be  considered  as 
expressing  the  general  predominance  of  certain  characters,  to  be  used 
provisionally,  as  a  convenient  mode  of  classifying  the  facts  we  collect 
together,  whilst  that  knowledge  is  accumulating  which,  in  after-ages,  will 
unravel  the  complicated  changes  that  belong  to  the  successive  periods 
into  which  the  history  o£  \iie  aViMtVvii^  qI  xVa  ^Iwle  earth  may  be 
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and  Van  Diemen's  Land  possess  a  flora  equally  peculiar  and 
extraordinary,  and  a  fauna  unlike  that  of  any  other  part  of  tho 
world, including  some  of  the  most  anomalous  of  existing  forms, 
as,  for  example,  that  marvellous  creature  the  Ornithorhyncus. 
These  countries,  in  the  abundance  and  variety  of  the 
CycadacesB,  Araucariae,  &c., — in  the  marsupial  character  of 
the  great  proportion  of  the  mammalia, — and  in  the  tere- 
bratulflB  and  trigonisB,  and  the  cestraciont  fishes,  which 
swarm  in  the  seas  that  wash  their  shores,  approximate  in 
their  organic  relations  more  nearly  to  those  ancient  lands  of 
which  the  triassic  and  Jurassic  beds,  and  especially  the  Stones- 
field-oolite,  are  the  debris  (p.  506),  than  to  any  of  the 
present  regions  of  the  earth.  And  lastly,  we  have  a  reflected 
image,  as  it  were,  of  the  Age  of  Eeptiles  of  the  Secondary 
periods  in  the  exclusively  reptilian  character  of  the  quad- 
rupeds of  the  G-alapagos  Islands ;  one  species  of  mouse  being 
the  only  indigenous  mammal.* 

"This  Archipelago,"  observes  Mr.  Darwin,  "is  a  little 
world  within  itself:  most  of  the  organic  productions  are 
aboriginal  creations,  found  nowhere  else.  Seeing  every 
height  crowned  with  its  erater,  and  the  boundaries  of  most 
of  the  lava-streams  still  distinct,  we  are  led  to  believe  that 
within  a  period  geologically  recent,  the  unbroken  ocean  was 
here  spread  out.  Hence,  both  in  time  and  space,  we  seem 
to  be  brought  somewhat  near  to  that  great  fact — that 
mystery  of  mysteries, — the  first  appearance  of  new  beings 
on  this  earth." 

These  Islands  swarm  with  herbivorous  marine  reptiles, 
allied  to  the  Iguanidae,  which  are  known  in  no  other  part 
of  the  world,  and  they  are  as  completely  distinct  from  all 

divided."  See  also  Mr.  Hamilton's  remarks  on  the  same  subject,  at  the 
conclusion  of  his  Anniversary  Address  to  the  Geological  Society,  1855. 

*  The  Galapagos  Archipelago  is  a  group  of  volcanic  islands  situated 
under  the  Equator,  and  between  five  and  six  hundred  miles  westward  of 
the  American  coast.  See  Mr.  Darwin's  "  Joun\«.\of  «k"VQ^^'^x^>QsA^3Bs^ 
World/*  chap,  xvii. 


940  THE  WONDERS  OF  OBOLOOT.  Lkt.  vm. 

other  existing  reptiles,  as  are  tbe  extinct  Iguanodon  and 
Megalosaurus.  The  flora,*  too,  contains  more  than  a  hun- 
dred plants  unknown  elsewhere.  There  is  not  a  fauna  or 
flora  in  any  of  the  ancient  geological  periods  that  presents 
greater  anomalies.t 

The  organic  relations  between  the  countries  above  men- 
tioned and  their  geological  analogues,  may  be  thus  ex- 
pressed : — 

Modern  Period.  Primary  and  Secondary  Periods. 

vr       r,  i  CJountries  of  the  Carboniferous  and  Permian  p«riod$t 

^  EW  ZEALAND    •'  •i«>i«<»«i  • 

(     as  indicated  by  fossil  remains. 

.  c  The  lands  whence  the  Triaaaie  and  Jurtusic  strati 

Australia    .    .  4  j    •     j 

^     were  derived. 

The  Country  of  the  Iguanodonj  and  the  rcpons  thtt 

supplied  the  detritus  that  formed  the  fluvio-marine 

strata  of  the  upper  secondary  deposits. 


The  Galapagos 
Archipelago 


In  this  point  of  view  the  Country  of  the  Iguanodon  and 
the  Age  of  Reptiles  may  be  considered  as  merely  disclosing 
exaggerated  effects  of  the  organic  law  which  imparted  to  the 
fauna  of  the  Galapagos  Islands  its  reptilian  character. 

If  the  ancient  philosophers,  ere  the  discoveries  of  Colum- 
bus had  opened  the  New  World  to  the  European  mind,  had 
found  in  a  fossil  state  such  collocations  of  animals  and 
plants  as  are  presented  by  New  Zealand,  Australia,  and  the 
G-alapagos  Islands,  how  impossible  it  would  have  been  for 
them,  by  any  comparison  with  existing  nature  within  their 
circumscribed  geographical  boundary,  to  have  imagined  that 
such  assemblages  of  animated  beings  could  exist  contem- 
poraneously  with  themselves.     In  fact,  the  present  ^^o* 

♦  An  enumeration  of  the  plants  of  the  Galapagos  Archipelapo,  by 
Dr.  J,  D.  Hooker,  is  published  in  the  Linnsean  Transactions,  vol.  xxi.  for 
1817,  page  163 ;  and  by  the  same  author  **  On  the  Vegetation  of  the 
Galapagos  Archipelago,"  op,  cit.  p.  235.  Out  of  253  species  of  pl.ii'f''* 
123  species  are  unknown  in  any  other  part  of  the  world. 

f  JSee  Appendix  E. 
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graphical  diBtribution  of  animals  and  plants  affords  as  many 
exceptions  to  the  general  rule  of  climatorial  influence,  in  the 
relative  number  and  importance  of  different  orders  of  ani- 
mals  and  yegetables,  as  are  to  be  found  in  the  vestiges  of 
an  earlier  world.* 

If  we  define  on  a  map  of  the  globe  those  areas  of  which 
the  geological  structure  is  known  from  actual  observation, 
we  shall  at  once  perceive  how  small  a  proportion  of  the 
earth's  crust  has  been  examined  by  the  scientific  observer ; 
how  large  a  part  of  the  surface  above  the  water  is  concealed 
by  perpetual  ice  and  snow,  and  is  otherwise  inaccessible  to 
philosophical  research ;  and  that  three-fifths  of  the  entire 
surface  of  our  planet  are  buried  beneath  the  waves.  These 
facts  are  highly  suggestive: — they  teach  us  that,  notwith- 
standing the  immense  accumulation  of  observations  made  in 
all  parts  of  the  earth,  the  data  hitherto  obtained  are  in- 
sufficient to  afford  a  true  picture  of  the  full  development 
of  organic  life,  as  it  existed  in  the  most  ancient  periods. 

In  considering  these  questions,  it  must  too  be  remarked, 
that,  notwithstanding  the  differences  in  the  general  physiog- 
nomy of  the  earliest  and  latest  faunas,  there  are  certain 
types  common  to  both.  Thus,  though  Orthoceratites, 
Lituites,  Gbniatites,  Ac,  represent  the  cephalopodous  mol- 
luscs in  the  palaeozoic  seas,  yet  these  are  associated  with 
true  Nautili ;  in  like  manner,  with  the  extinct  Brachiopoda, 
the  Spiriferi,  LeptsBnae,  Ac,  are  found  species  of  the  still 
existing  genera  of  Terebratula,  Crania,  and  Lingula.  So 
also,  in  the  tertiary  period,  existing  genera  of  mammalia 
and  of  terrestrial  reptiles  were  contemporaneously  inhabit- 
ants of  the  land  with  the  extinct  Mastodons  and  other 
Pachyderms,  and  the  colossal  Tortoises,  Ac.     From  these 

*  See  Bergfaaiis's  and  Johnston's  Physical  Atlas ;  and  the  ingenious 
maps  of  the  Geogpraphical  Distribution  of  existing  Animals  and  Plants, 
in  the  delightful  work  of  that  accomplished  authoress^  Misa  Ba&um^ 
Zomlin,  entitled  Aesearches  in  Physical  Geo^Ta^fVv"^,  ot  ^•^'^^t^Ca. **>&.>»- 
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considerations  we  may  infer,  that  throughout  all  geological 
time  the  changes  on  the  earth's  surface  have  been  subser- 
vient to  the  same  physical  and  organic  laws ;  and  that  the 
paroxysmal  terrestrial  disturbances,  though  apparently  in 
the  earlier  ages  involving  larger  areas,  and  operating  with 
greater  violence,  than  the  volcanic  eruptions  and  earth- 
quakes of  later  periods,  did  not  affect  the  established  order 
of  organic  life  upon  the  surface  of  the  globe ;  and  we  may 
also  conclude,  that  throughout  the  innumerable  ages  indi- 
cated by  the  sedimentary  formations,  there  was  at  no  period 
a  greater  anomaly  in  the  assemblages  of  animals  and  vege- 
tables on  particular  regions  than  exists  at  the  present 
time.* 

48.  CoBOLLABT. — Thus  the  general  result  of  our  in- 
quiries into  the  ancient  condition  of  the  earth  proves  that 
the  changes  produced  by  mechanical,  chemical,  and  vital 
agency,  whether  on  the  surface  or  in  the  interior,  have  been 
the  same  throughout  all  the  periods  revealed  by  Geology; 
and,  as  like  causes  must  produce  like  effects,  will  continue 
so  long  as  the  present  material  system  shall  endure. 

Hence,  deposits  now  in  progress  may  subside  to  the  in- 
nermost regions  of  the  globe,  and  from  exposure  to  intense 
heat,  under  great  pressure,  aU  traces  of  sedimentary  origin 
may  be  obliterated ;  and  at  some  future  period  these  meta- 
morphosed rocks  may  be  elevated  above  the  surface,  and 
appear  as  peaks  of  granite,  or  as  crystalline  mountain-chains, 
rising  from  beneath  strata  teeming  with  organic  remains. 

I  cannot,  therefore,  concur  in  the  generally  received 
opinion,  that  in  the  most  ancient  granite  accessible  to  human 
observation,  we  see  the  primeval  framework  of  our  globe— 

*  Hence  the  so-called  Picturesque  Sketches  of  Creation, — the  An- 
cient Worlds, — the  Vestiges  of  Creation, — the  Romance  of  Geology,— 
and  other  works  of  a  like  nature,  are  in  relation  to  the  philosophy  of 
Geology  what  the  h\aloT\c?\  tiq\^\%  «sA  TwoKasss^  ^^  to  History— 
'nedleys  of  facts  and  fvclloiva. 
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the  consolidated  crust,  formed  on  the  surface  of  a  cooling 
planet,  and  subsequently  broken  up  by  the  subsidences  and 
contractions  induced  by  continued  refrigeration.  Tlie  only 
legitimate  inference  in  the  present  state  of  our  knowledge 
appears  to  be  this, — that,  as  at  a  certain  depth  the  beds  of 
mineral  matter,  whether  of  alluvial  or  of  volcanic  origin, 
may  become  so  entirely  changed  in  structure  and  composi- 
tion as  to  afford  no  certain  data  of  their  original  nature, 
therefore,  for  aught  we  know  to  the  contrary,  this  world 
may  have  been  teeming  with  life  innumerable  ages  ere  the 
formation  of  the  most  ancient  granitic  rocks  of  which  we 
can  take  cognizance. 

49.  Final  Effects. — In  fine,  Geology  does  not  reveal 
to  US  the  first  creation  of  animated  beings ;  it  does  not  aftbrd 
any  physical  evidence  of  a  beginning ;  it  does  not  warrant 
the  attempt  to  explain  the  miraculous  interpositions  of 
Providence  by  the  operation  of  natural  laws ;  but  it  unfolds 
to  us  a  succession  of  events,  each  so  vast  as  to  be  beyond 
our  finite  comprehension,  yet  the  last  as  evidently  foreseen 
as  the  first.  It  instructs  us  **that  we  are  placed  in  the 
middle  of  a  scheme, — not  a  fixed,  hut  a  progressive  one, — 
every  way  incomprehensible — incomprehensible  in  a  measure 
equally  with  respect  to  what  has  been,  what  now  is,  and  what 
shall  be  hereafter,^^* 

This  new  volume  of  Natural  Eeligion  which  Geology  has 
supplied  has  been  so  ably  illustrated  by  the  late  Dean  of 
Westminster,  t  that  we  need  not  dwell  on  the  evident 
adaptation  of  the  successive  tribes  of  living  beings,  through 
indefinite  periods,  to  the  varying  physical  conditions  of  the 
earth,  and  by  which  its  surface  was  ultimately  fitted  for  the 
abode  of  the  human  race.  Thus  the  infusoria  lived  and  died 
in  countless  myriads,  and  produced  the  tripoli  and  the  opal ; 
river-snails  and  marine  moUusks  secreted  the  marbles,  and 
coral-polypes  the  limestones,  with  which  we  construct  our 

•  Biako^  Butler.  ^  'BT\^^<erw^\«t'\\«iiJoa»* 
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edifiees  and  omMiieiit  oar  templM  nd  psbuMi;  nd  Mi^ 
plants  and  troo  fasive  been  coufottad  wthcr  into  a  nahnil 
to  enrich  the  aoQ,  or  changed  into  a  eombDfllaUa  miiMnlftB 
aenre  aa  a  fael  in  afler-agea,  when  audi  «  aabrtance  heem 
indispenaable  to  the  neceaaitiea  and  luxnriea  of  ciriliied  an 
Hence  a  new  intereat  haa  been  tioown  aroond  eierf  gnu 
of  Band,  and  eveiy  blade  of  graaa;  and  tiie pebble  rejeoM 
by  the  Birine,  aa  affording  no  eridenoe  of  deaign,  baeoBH 
in  the  handa  of  the  Geokgiat  a  atriking  proof  of  Inftufci 
Wiadom* 

But  ought  we  to  reet  content  in  the  aaaomptiontiat  J 
these  wonderful  manifeatationa  of  Creatine  Intdligence  vm 
solely  intended  to  contribato  to  our  physical  neccssitieiaad 
gratifications  P — Say,  rather,  that  lUa  marrellona  disphjof 
beauty,  power,  and  goodness  waa  deaigned  to  fill  the  kmI 
with  high  and  h<dy  thoughts,  to  call  forth  the  exerdio  of 
our  intellectual  powers,  to  ezcito  in  us  those  ardent  ni 
lofly  aspirations  after  truth  and  knowledge,  which  elevate 
the  mind  above  the  sordid  and  petty  concerns  of  life,  and 
give  us  a  foretaste  of  that  high  destiny  which  we  are  per- 
mitted to  hope  will  be  our  portion  hereafter ! 

50.  CowcLTTDnro  Bemabks. — Having  thus  endeavouTed 
to  interpret  the  natural  records  of  the  earth's  physical 
history,  and  traced  the  succession  of  geological  periods,  each 
embracing  indefinite  ages  of  long  duration,  and  the  muta- 
tions in  the  organic  kingdoms  of  nature  coincident  with  the 
varying  conditions  of  the  lands  and  waters — mutations 
governed  by  laws  with  which  we  are  but  very  imperfectly 
acquainted, — let  us  finally  contemplate  the  relations  of  our 
planet  to  the  innumerable  worlds  around  us.  Por,  whilt? 
Astronomy  suggests  that  our  solar  system  once  existed  as  a 
diffused  mass  of  vapour  or  nebulosity,  which,  passing  through 

•  Paley.  This  remark  alludes  to  the  celebrated  argument  of  lb'* 
distinguished  author,  on  a  watch  and  a  stone,  in  the  first  page  of  bU 
Treatise  on  Natural  Theology. 


flBive  phaees  of  condenaation,  at  length  separated  into 
pntral  luTuinaiy  with  its  attendant  planets  and  satellites 
!  p.  41)  ;  she  also  instructs  ns,  that  this  system  is  but  an 
tnsiderable  cluster  of  orbs  in  regard  to  the  asHemblage  of 
s  to  which  it  belotigs,  and  of  which  the  Milky-wa^  is, 
;  were  J  a  girdle^  our  By  a  tern  being  placed  in  the  outer  and 
stellular  part  of  the  EOne,* 

iat  the  astounding  thought^  that  aU  our  visible  Universe 
at  an  aggregation,  a  single  group  of  suns  and  planets, 
cb  to  t!ie  inhabitants  of  the  remote  regions  that  can  be 
ing^uished  only  by  our  telescopes  would  seem  but  a  mere 
inoua  spot,  like  one  which  lies  near  the  outermost  ran^e 
ibservation,  and  appears  to  be  a  fae- simile  of  our  own, 
mpresses  the  mind  witli  the  most  intense  feelings  of 
,  of  humility,  and  of  adoration  of  that  Supreme  Being, 
rliom  worlds,  and  suns^  and  systems  ate  but  as  the  sand 
Ehe  sea-shore  \ 

"  Awake,  my  soul| 


And  meditate  the  womder  !  Coimtlees  sut^s 

Blaze  rouiid  thee,  leading  fprtli,  tht'ir  countless  worlds  1 

Worlds  in  whose  bosoms  living  thijigs  rejoice. 

And  drink  the  bliss  of  b«ing  from  tbe  fount 

Of  all-pervading-  Love  1  What  mind  can  know. 

What  tongne  can  ntter  all  the  if  multitudes, 

Thus  numberleaa  in  numberless  aijodea  ? 

Known  but  to  thee,  blest  Father  E  Thine  they  are. 

Thy  children,  and  thy  care,— and  none  o'erlooked 

Of  Thee!"'  Ware. 

gain,  when  conducted  by  out  in¥esti  gat  ions  to  the 
jible  UniYerse  beneath  ns,  the  Milh^-way  and  the  Fixed- 
f  of  animal  and  vegetable  life,  which  the  microscope 
als  to  us,  we  are  alike  overpowered  bj  the  contemplation 
le  minutest,  as  of  the  mightiest,  of  His  worka !  And  if, 
in  eminent  philoaoplier   has   observed,   our  planetary 

*  Sou  Whewell'd  B  rid  gL- water  Treatiiie.  ^ 
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system  was  gradually  evolved  from  a  primeval  condition  of 
matter,  and  contained  within  itself  the  elements  of  each  sub- 
sequent change,  still  we  know,  that  every  physical  pheno- 
menon which  has  taken  place,  from  first  to  last,  has  emanated 
from  the  immediate  will  of  the  Deity. 


VALEDICTION. 


With  these  remarks  I  take  farewell  of  the  reader  who  has 
accompanied  me  through  this  attempt  to  combine  a  general 
view  of  geological  phenomena  with  a  familiar  exposition  of 
the  inductions  by  which  the  leading  principles  of  the  science 
have  been  established.  And,  if  I  have  succeeded  in  ex- 
plaining in  a  satisfactory  manner  how,  by  laborious  and 
patient  investigation,  and  the  successful  application  of  other 
branches  of  Natural  Philosophy,  the  "  Wonders  of  Geology^' 
have  been  revealed, — if  I  have  removed  from  but  one  intel- 
ligent mind  any  prejudice  against  scientific  inquiries,  which 
may  have  been  excited  by  those  who  have  neither  the  relish 
nor  the  capacity  for  philosophical  pursuits, — if  I  have  been 
so  fortunate  as  to  kindle  in  the  hearts  of  others  that  intense 
desire  for  the  acquisition  of  natural  knowledge  which  I  feel 
in  my  own, — or  have  illumined  the  mental  vision  with  that 
intellectual  light  which,  once  kindled,  can  never  be  ex- 
tinguished, and  which  reveals  to  the  soul  the  beauty,  and 
wisdom,  and  harmony  of  the  works  of  the  Eternal,  I  shall 
indeed  rejoice,  for  then  my  exertions  will  not  have  been  in 
vain.  And,  although  my  name  may  be  soon  forgotten,  and 
all  record  of  my  labours  be  eflaced,  yet  the  infiuence  of  that 
knowledge,  however  feeble  it  may  be,  which  has  emanated  \ 
from  my  researches,  will  endure  for  ever,  and,  by  conducting 
to  new  and  ineiVia\3LB>^\Afe  ^<si\.da  of  inquiry,  prove  a  never- 
iiling  source  o£  tlae  moe\.  ^xxt^  ^\A  ^^^^^\  ^^\^^ii&>sss^. 
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For  it  is  the  peculiar  charm  and  privilege  of  Natural 
Philosophy,  that  it 


• "  Can  so  infomi 


The  mind  that  is  within  us, — so  impress 

With  quietness  and  beauty, — and  so  feed 

With  lofty  thoughts, — that  neither  eril  tongnes, 

Rash  judgments,  nor  the  sneers  of  selfish  men. 

Nor  greetings  where  no  kindness  is,  nor  all 

The  dreary  intercourse  of  common  life, 

Can  e'er  prerail  against  us,  or  disturb 

Our  <;heerful  faith,  that  all  which  we  behold 

Is  full  of  blessings ! "  Wordsworth. 

But  transcendent  as  are  the  privileges  which  science  con- 
fers, the  true  philosopher  feels,  with  the  deepest  humiliation, 
that  it  is  neither  in  the  acquisition  of  knowledge,  nor  in 
the  perception  of  the  true  and  of  the  heautiful, — even  were 
that  perceptive  knowledge  exalted  infinitely, — that  human 
happiness  can  find  a  resting-place,  or  the  cravings  of  the 
immortal  mind  he  satisfied.  Every  step  leads  on  the  im- 
patient inquirer  to  one  heyond  itself.  "  The  nicest  mecha- 
nical arrangement  of  the  particles  of  matter  does  hut  compel 
us  to  contemplate  those  subtler  agents  by  whose  action 
magnetic  relations  and  chemical  afi&nities  are  next  developed. 
Exhaust  their  range,  and  still  there  is  palpably  beyond  them 
the  mystery  of  the  vital  powers.  Follow  that  to  its  highest 
source,  and  yet  we  have  but  reached  the  first  limits  of  those 
mightier  energies,  of  reason,  conscience,  and  volition,  of  which 
we  feel  within  ourselves  the  living  action.  And  here,  where 
the  darkness  which  may  be  felt  presses  most  heavily  upon 
the  inquiring  soul, — ^here  in  seeking  to  know  the  Cause  of 
causes, — here  alone  can  there  be  any  repose  for  the  immortal 
spirit.  Only  on  HiH  who  made  him,  can  Man  rest  at  last 
the  burden  of  his  awful  being  !  *' 

•  Bishop*  Wilberforce.  Sermon  preached  before  the  University  of 
Oxlbrd,  June  27,  1  47, 
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SUPPLEMENTARY  NOTES. 

A.  Fage  883. — ^Ths  subject  of  the  origin  of  Crystals,  as  indicated 
by  the  nature  of  their  enclosed  cavities,  and  as  bearing  on  the  formatioii 
of  granite,  is  of  so  great  an  interest  that  the  following  abstract  of 
Mr.  Sorby's  paper  (read  before  the  Geological  Society,  Dec.  8, 1857), 
"  On  some  peculiarities  in  the  Microscopical  Structure  of  Crystals, 
applicable  to  the  determination  of  the  Aqueous  or  Igneous  Origin 
of  Minerals  and  Rocks,"  is  here  given. 

In  this  paper  the  author  showed,  that,  when  artificial  crystals  are 
examined  with  the  microscope,  it  is  seen  that  they  have  often  caught 
up  and  enclosed  within  their  solid  substance  portions  of  the  material 
surrounding  them  at  the  time  when  they  were  being  formed.  Thus, 
if  they  are  produced  by  sublimation,  small  portions  of  air  or  vapour 
are  caught  up,  so  as  to  form  apparently  empty  cavities ;  or  if  they 
are  deposited  from  solution  in  water,  small  quantities  of  water  are 
enclosed,  so  as  to  iorm  fluid-cavities.  In  a  similar  manner,  if  crystals 
are  formed  from  a  state  of  igneous  fusion,  crystallizing  out  from  a 
fused-stone  solvent,  portions  of  this  fused  stone  become  entangled, 
which,  on  cooling,  remain  in  a  glassy  condition,  or  become  stony,  so 
as  to  produce  what  may  be  called  glass-  or  stone-caviiies.  All  these 
kinds  of  cavities  can  readily  be  seen  with  suitable  magnifying  powers, 
and  distinguished  from  each  other  by  various  definite  peculiarities. 

From  these  and  other  facts,  the  following  conclusions  were  de- 
duced :— 

1.  Crystals  contaiiom^  ox^^  ^iwnJc«!3i^\,V^^te.t  were  formed  from 
olution. 
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S.  Crystals  oontaining  oidj  stone-  or  glass-osrities  were  formed 
from  a  state  of  igneous  fusion. 

3.  Crystals  containing  both  water-  and  stone-  or  glass^Avities  were 
formed,  nnder  great  pressnre,  by  the  combined  influence  of  highly 
heated  water  nnd  melted  rode. 

4.  That  the  amount  of  water  present  in  the  carities  may,  in  some 
eases,  be  employed  to  dednoe  the  temperature  at  which  the  crystals 
were  formed. 

5.  Crystals  oontaining  only  empty  cavities  were  formed  by  sub- 
limation, unless  the  cayities  are  fluid-eayities  that  have  lost  their 
fluid,  or  are  bubbles  due  to  fusion. 

6.  Crystals  oontaining  few  cavities  were  formed  slowly,  in  com- 
parison with  those  of  the  same  material  that  contain  many. 

7.  Crystals  that  contain  no  cavities  were  formed  very  slowly,  or 
by  the  cooling  from  fusion  of  a  pure,  homogeneous  substance. 

Applying  these  general  principles  to  the  study  of  natural  crys- 
talline minerals  and  rocks,  it  was  shown  that  the  fluid-cavities  in 
rock-salt, — ^in  the  calcareous  spar  of  modem  tufaceous  deposits,  of 
veins,  and  of  ordinary  limestone, — and  in  the  gypsum  of  gypseous 
marls,  indicate  that  these  minerals  were  formed  by  deposition  from 
solution  in  water  at  a  temperature  not  materially  different  from  the 
ordinary.  The  same  conclusions  apply  to  a  number  of  other  minerals 
in  veins  in  various  rocks,  and  to  many  zeolites.  The  constituent 
minerals  of  mica-schist  and  the  associated  rocks  contain  many  fluid- 
esvities,  indicating  that  they  were  metamorphosed  by  the  action  of 
heated  water,  and  not  by  mere  dry  heat  and  partial  fusion. 

The  structure  of  the  minerals  in  erupted  lava  proves  that  they 
were  deposited  from  a  mass  in  the  state  of  igneous  fusion,  like  the 
crystals  in  the  slags  of  furnaces ;  but,  in  some  of  those  found  in 
blocks  ejected  from  volcanos  (for  example,  in  nepheline  and  meionite)* 
there  are,  besides  stone-  and  glass-cavities,  many  containing  water, 
the  relative  amount  of  which  indicates  that  they  were  formed,  under 
great  pressure,  at  a  dull  red  heat,  when  both  liquid  water  and  melted 
rock  were  present.  The  fluid-cavities  in  these  aqueo-igneoos 
'minerals  very  generally  contain  minute  crystals,  as  if  they  had  been, 
deposited  on  cooling  from  solution  in  the  highly  heated  water.  Thft 
minerals  in  trappean  rocks  have  also  such  a  structure  as  proves 
them  to  be  of  genuine  igneous  oriipn^  bui  tiiiBj  ba?(^  bma^  iBai< 
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altered  bj  the  sofaseqiieiit  action  of  water,  and  maaj  minerals  fonned 
in  the  minute  carities  bj  deposition  from  solation  in  water. 

The  qnaru  of  qnartz-Teins  has  a  stractnie  proring  thit  it  bis 
been  ra{HdlT  deposited  from  solation  in  water :  and  in  some  instinoes 
the  relatire  amount  of  water  in  the  llaid-caTities  indicates  that  the 
heat  was  considerable  In  one  good  case  the  temperature  thus 
dednced  was  IGo"*  C.  (329*  F.) ;  and  apparently,  when  the  heat  vis 
still  greater,  mica  and  tinstone  were  deposited,  and  in  some  cases 
probably  eren  fdspar.  There  is  then,  as  has  been  argued  bj  M. 
Elie  de  Beaumont,  a  gradual  passage  from  quarts-Tcins  to  those  of 
granite,  and  to  granite  itself;  and  there  is  no  anch  distinct  line  of 
division  between  them  as  might  be  e]q>ected  if  one  was  a  deposit 
from  water,  and  the  other  a  rock  that  had  been  in  snch  a  state  of 
pure  igneous  fusion  as  the  slags  of  our  furnaces  or  the  erupted  bras. 
When  the  constituent  minerals  of  solid  granite,  £ar  from  contact  vith 
the  stratified  rocks,  are  examined,  it  is  seat  that  thej  also  contain 
lIuid-caTities.  This  is  especiailT  the  case  with  the  quartz  of  coazs^ 
grained,  highly  quartxose  granites,  in  which  there  are  so  many,  that 
the  proportion  of  a  thousand  millions  in  a  cubic  inch  is  not  at  all  im* 
usual ;  and  the  enclosed  water  constitutes  from  one  to  two  per  cent 
of  the  volume  of  the  quartz.  HoweTer,  besides  these  fluid-caTiries, 
the  felspar  and  quartz  contain  excellent  stone-cavities,  precisely  ana- 
loeoiis  to  those  in  the  crystals  of  slair,  or  erupted  lavas  ;  and  thus 
the  characteristic  structure  of  granite  b  seen  to  be  the  same  as  that 
of  those  minerals  formed  under  aqueo-igneous  conditions  in  the 
blocks  which  are  ejected  from  modem  volcanos :  and  the  very  com- 
mon occurrence  of  minute  crystals  inside  the  fluid-cavities  still 
further  strenslbens  this  analogy. 

The  conclusion  to  which  these  facts  appear  to  lead,  is  that  granits 
is  not  a  .rtr.tple  ign^ou*  rack,  like  a  furnace-slag,  or  erupted  lava,  but 
is  rather  an  aqueo-igneoui  rock,  produced  by  the  combmed  influence 
of  liquid  water  and  isneons  fusion,  under  similar  physical  conditions 
to  those  existing  far  below  the  surface  at  the  base  of  modem  volcanos. 

These  deductions  of  the  author,  therefore,  strongly  confirm  the 
views  of  Scrope,  Scheerer,  and  Elie  de  Beaumont ;  and  he  ajrrees 
with  them  in  considering  it  probable  that  the  presence  of  the  water 
d'lrin^  the  consolidation  of  the  granite  was  an  instrumental,  if  not 
the  actual  cause  of  the  difference  between  granite  and  erupteu 
trachvtic  rocks. 


^^  EOCKING^TOKEa.  ETC. 

B,  Fa^e  901.— Lo&iN-  OB  EOOKiNC-STOifiss. — In  thj^  most  stic- 
oeasftU  of  aU  tte  attempts  to  clothe  science  in  the  garb  of  fancj^j 
— Dr.  Paris's  delightful  volume  called  "  FUh&opk^  in  Sport  made 
^eienee  m  i^rw^j^,"— there  is  au  mtereating  account  of  the  rocHn§- 
»tones  of  Cornwall,  which  the  antiquaries  of  the  last  century  claimed 
as  Dniidieal  monuments^  but  ^hich  have  originated  in  the  natural 
caiutes  explained  in  the  following  description  of  the  cekbtated  Logan- 
or  logging- stonCj  near  the  Land's  End : — 

'*  The  foundation  of  this  part  of  the  coast  of  ComwaE  is  a  stupend- 
ous group  of  granite  rocks,  which  rise  in  pyramidal  clusters  to  a 
great  altitude,  and  overhang  the  sea.  The  celebrated  Logan-stone 
is  an  immense  block,  weighing  above  sixty  tons.  The  surface  m 
(iontaet  with  the  under  rock  is  of  very  small  estent,  and  the  whole 
mass  is  so  nicely  balanced,  thatj  notwithstanding  its  magnitnde,  the 
stren^h  of  a  single  man  applied  to  its  under  edge  is  sufficient  to 
make  it  oscillate.  It  is  the  nature  of  granite  to  disintegrate  into 
rhomboidal  and  tabular  masses^  which,  by  the  further  operation  of 
mr  and  moisture,  gradually  lose  their  solid  angles,  and  approach  the 
spheroidal  form.  The  fact  of  the  upper  part  of  the  cliff  being  more 
exposed  to  atmospheric  agency  than  the  parts  beneath  will  sufficiently 
explain  why  these  rounded  masses  so  frequently  rest  on  blocks 
'which  still  preserve  the  tabular  form  \  and  since  such  spkeroidai 
Mocks  must  obviously  rest  in  that  position  in  which  their  lesser 
axes  are  perpendicnlar  to  the  horizon,  it  is  equally  evident  that, 
irhenever  an  adequate  force  is  applied,  they  must  vibrate  on  their 
point  of  support.'*     Philosophy  in  Sporty  siith  edition,  p.  465. 

C.  Page  918.— The  Eev.  J.  B.  Ecade,  r.E,S.  &c.,  on  Eossn.  In* 

PTTHOEITA  IN  MiCA, 

Li  a  letter  to  the  Anthor,  in  reply  to  an  inquiry  respecting  the 
possibility  of  the  existence  of  the  organic  structure  in  granite,  the 
Kev*  J.  B.  Reade,  after  referrin|^  to  iiis  previous  observations  on  the 
indestructibility  by  heat  of  some  of  the  silicious  and  calcareous 
itraeturea  of  the  higher  plants  (sec  p.  71 6),  and  pointing  out  that 
tte  silicious  parts  of  the  Diatomacea3  and  of  some  of  the  Protozoa 
also  retain  their  forms  and  ebaraeters  after  ejcposurc  to  fire, — re- 
marked as  follows :— "  My  original  inquiry  having  thus  conducted 
mc  to  the  conclusion,  that  sUidous  organization  ii  not  dssimt^H&if  bv 
the  agency  of  keafj  1  thought  it  not  uiireasonBb\&  to  V'^tT  ^3qh^  -^  ^sai'^w- 
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fal  and  oobore  extended  microaoopicaL  eiamiwtion  into  tke  oo&ditioii 
of  silica  mi^t  lead  to  the  diaoovery  of  elementary  co^^anic  formft 
even  in  the  primitive  strata  themselves.  It  was  obviously  lot 
necessary  to  exclude  granite  from  this  examination*  under  the  oosh 
mon  and  apparently  naybural  impression,  that  the  igneous  fusion  whidi 
preceded  the  present  arrangement  of  its  particles  would  destroj 
every  trace  of  organization ;  for  I  had  before  me  too  many  manifest 
proofs  that  an  intense  white  heat,  though  capable  of  fusing  glass,  was 
incapable  oi  effecting  any  change  in  the  minntft  ailicioua  oi^anisa- 
tion  both  of  plants  and  diatoms.  Moreover  theace  appeared  to  be  a 
strong  suspicion  in  some  minds  that  every  sueoessi^e  surface  of  am 
g^be  had  been  characterized  by  its  own  minute  living  forms ;  and 
you  yourself  had  more  than  once  contended  fw  the  existence  of  li£a 
during  the  granitic  period.  To  give  a  reaHiy,  however,  to  &JirH 
eondUion,  thus  pronounced  to  he  probable,  we  must  discover  siliciooa 
skeletons  or  shields  efven  in  granite  itself.  But  bare  arises  a 
difficulty  which  it  will  bafile  our  utmost  ingenuity  to  remove ;  for,, 
though,  on  the  one  hand,  I  met  with  silicnous  oorpnseulea  in  the 
primitive  rocks,  and  find,  on  the  other  hand,  that  the  indestructible 


UON-  212.— MOnn^  FLAT  CmCVLAB  BOCIBB  IN  MlCA. 

Corresponding  in  size  and  appearance  with  the  ringfs  of  OALLIONELLA  DT8TAN8. 
Magnified  about  500  times  linear. 

fJ)i»eo9tred  and  drawn  by  the  Be9.  T.  B:  Btat^.J 

organic  skeletons  of  recent  Infusoria  exhibit,  even  under  a  power 
of  900  linear,  a  striking  similarity  of  form,  yet  the  entire  absence 
of  external  structure  precludes  me  from  assigning  a  common  origin 
to  the  ancient  and  recent  organisms.  Still,  the  inquiry,  even  in  its 
present  state,  is  far  from  being  fruitless ;  for  it  cannot  be  a  matter 
of  surprise,  that  immwia^  mountain-masses  should  have  been  found 
to  consist  of  an  aggtegatiws.  oi  «^\M3^^\n^^\«^^^«te«^«a.^^^ 
^  of  an  inclim  diaxneUt,  M\:\cQ\aXfcJl\w^'a'^'^issfc\^ 
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as  in  cWk  {Ltfn.  Sid),  or  of  siender  l^ireads,  as  in  limestone  and 
the  qxiaitz  c^  granite,  and  that  an  exact  ooonterpart  of  this  curious 
structure  in  the  mineral  kingdom  should  be  exhibited  in  the  T^get* 
able  by  the  mouldiness  of  paste  and  the  QalUandlafirrmffineay 


I.XON.  aiS.—The  elementery  molecule*  of  Chalk,  articnleted  in  the  form  of  rings,  entire 
aad  in  flragmenu.  *ThtIlmi.f.E.HmiiB,) 

(Uagnifled  nboat  MO  diun.) 

The  Eev.  J.  B.-Beade,  in  a  courteous  reply  to  the  Editor's  in- 
quiry on  some  points  of  the  mteresting  researches  detailed  above, 
states  that — 

"  Some  of  the  discoid-looking  spots  which  I  observed  in  granite 
might  possibly  have  been  the  minute  air-  or  water-cavities  of  Sorby 
(see  p.  883) ;  but  those  discovered  in  mica  (and  figured  by  Mantell) 
had  too  much  the  i^pearance  of  silicious  organic  structure  to  allow 
me  to  confound  them  with  such  cavities." 

The  Lign,  213  exhibits  another  interesting  result  of  the  Bev.  Mr. 
Reade's  microscopical  researches  in  the  minute  structure  of  rocks, 
and  was  published  in  the  first  edition  of  the  "  Wonders  of  Geology/' 
Although  at  first  regarded  as  being  illustrative  of  the  occurrence  of 
infusorial  organisms  in  the  chalk,  these  beaded,  discoid,  and  ring-like 
bodies  are  more  probably  the  result  of  the  disintegration  of  the  shells 
of  Foraminifera  (as  Mr.  H.  C,  Sorby  has  suggested  in  connexion 
with  some  of  his  own  observations  on  the  minute  structure  of  lime- 
stones, &c.).  Be  this  as  it  may,  we  cannot  but  hope  that  Mr.  Reade, 
Mr.  ^'orby,  Mr.  Schafhault,  Mr.  Bryson,  Prof.  Ehrenberg,  and  others 
'  will  continue  their  labours  in  "Microgeology"  or  "  Clinology,"  as  this  • 
branch  of  research  has  been  termed;  for  it  is  a  wide  and  promising 
field,  but  Uttle  cultivated  as  yet. 

D.  Page992, — ^Paballbl Tebbages  of  Gias  Bjot,— -Issa^iftdsiw^ 
to  notice,  in  ibis  place,  a  remaxkable  'pWioinstLtrt^.  ^^o^enn^^^ 
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of  the  glens  of  the  Highlands  that  border  the  Great  GaledonianYalley, 
because  the  subject  has  excited  the  attention  of  the  tourist  and  the 
geologist.  In  several  of  the  glens  of  Lochaber,  but  more  especially 
in  that  of  Glen  Ex)y,  there  are  parallel  terraces,  at  various  heights, 
extending  on  either  side,  and  which  present  so  regular  and  artificial 
an  appearance  as  to  have  been  ascribed  to  human  art ;  and  the 
ancient  Highlanders  supposed  them  to  be  roads  formed  by  their  ' 
hero  Fingal.  | 

The  valley  of  Glen  Roy  is  of  an  oval  form,  and  is  about  four  miles 
long,  and  one  or  more  wide,  being  bounded  on  two  opposite  sides  by 
high  mountains.  Through  the  middle  of  this  valley,  a  river,  fomed 
by  the  confluence  of  some  mountain-streams,  flows  into  the  Spean 
Water. 

On  each  side  of  this  long,  hollow,  deep  valley,  which  is  bounded 
by  dark  and  lofty  mountains,  and  at  a  great  elevation,  three  strong 
lines  are  seen,  parallel  to  each  other  and  to  the  horizon ;  the  levels 
of  the  opposite  ones  coinciding  precisely  with  each  other :  and  so 
striking  is  this  symmetrical  character,  that  the  observer  can  with 
difficulty  divest  himself  of  the  idea  that  he  is  contemplating  some 
Cyclopean  work  of  the  olden  times.  A  slight  examination  of  the 
nature  of  these  parallel  terraces  is,  however,  sufficient  to  convince 
the  instructed  observer  that  they  are  probably  the  shores  of  an 
aucient  lake,  fed  from  the  neighbouring  Alpine  regions,  which  at 
distant  periods  became  shallower,  and  at  length  entirely  disappeared, 
from  the  erosion  of  the  barrier  which  formerly  confined  its  waters.* 
The  following  explanation  of  the  phenomenon  is  from  a  paper  by 
Mr.  D.  Milne,  which  corroborates  also  the  opinions  of  Professor 
Play  fair  and  Dr.  Macculloch  :\ — 

The  parallel  shelves  or  terraces  of  Lochaber  consist  generally  oi 
bared  rocks,  forming  sloping  channels  or  water-courses;  and  the? 
bear  no  accumulations  of  littoral  deposits  or  detritus.    They  are  pcf " 
fectly  horizontal,  and  are  all  coincident  with  some  summit-level,  ^ 
as   to  admit  of  the  water  flowing  over  that  level  as  over  a  liP* 
Thus  the  uppermost  shelf  of  Glen  Gluoy  is  exactly  coincident  wit' ' 
the  watershed-ridge  which  divides  that  glen  from  Glen  Roy  ;  so  th  ^ 

•  On  the  Parallel  Roads  of  Lochaber,  by  David  Milne,  Esq.,  Edinburgh  N^  " 
Philosophical  Journal,  October,  1847. 

t  See  Dr.  Macculloch,  on  the  Parallel  Roads  of  Glen  Roy,  Geological  Transaction  ^ 
vol  iv.p.  314;  also  Mr.  DatN»in,  PV\vl.  Ttaua   1839,  part  1,  p.  39. 
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the  waters  which  stood  at  that  height  must  have  flowed  out  at  the 
head  of  Glen  Gluoy  into  Glen  Roy.  In  like  manner  the  uppennost 
terrace  in  Glen  Hoy  is  coincident  with  the  watershed-ridge  dividing 
Glen  Boy  from  the  valley  of  the  Spey :  the  waters  which  stood  in 
Glen  Boy,  at  the  second  level,  must  therefore  have  flowed  over  the 
head  of  the  glen  into  Spey  Valley.  And  the  middle  terrace  of  Glea 
Boy  coincides  with  a  watershed  at  the  head  of  Glen  Glaster. 
Ancient  river-courses  may  be  traced  leading  from  the  different  levels 
of  the  terraces  into  the  neighbouring  glens  and  valleys  of  lower 
levels;  and  it  seems  evident  that  the  waters  which  formed  the 
several  terraces  flowed  out  of  the  glens,  and  descended  by  river- 
courses  into  the  low  countries.  Thus  the  waters  which  formed  the 
terrace  in  Glen  Gluoy  descended  nearly  thirty  feet  by  flowing  into 
Glen  Roy;  those  of  the  upper  shelf  in  Glen  Roy  flowed  in  like 
manner  into  the  valley  of  the  Spey ;  those  of  the  middle  terrace 
were  discharged  over  the  head  of  Glen  Glaster  down  a  slope  of  212 
feet  in  vertical  height  into  Glen  Spean ;  and  the  waters  that  pro- 
duced the  terrace  or  shelf  in  Glen  Spean  issued  out  of  Lake  Loggan 
by  th^  ancient  river-course  at  Mukkul. 

It  appears,  therefore,  that  barriers  originally  existed,  which  pent 
up  the  waters  at  different  levels  in  the  glens,  and  were  lowered 
at  intervals;  until  at  length  the  lakes  were  dried  up,  from  the 
waters  sinking  from  the  level  of  the  highest  shelf  to  the  next ;  and 
thus,  by  successive  steps,  as  the  barrier  was  worn  away,  the  lower- 
most terrace  was  at  length  formed;  and  ultimately  the  system  of 
lakes  disappeared,  from  the  barrier  having  been  entirely  removed. 

E.  Tags  940. — Mb,.  Dab-win,  on  the  Galapagos  Archipelago. 
— "This  archipelago  consists  of  ten  principal  islands,  of  which  five 
exceed  the  others  in  size.  The  largest,  Albemarle  Island,  is  of  an 
angular  form,  and  100  miles  in  length.  They  are  all  formed  of 
volcanic  rocks;  a  few  fragments  of  granite,  curiously  glazed  and 
altered  by  heat,  can  scarcely  be  considered  as  an  exception.  Some 
of  the  craters  surmounting  the  larger  islands  are  of  immense  size, 
and  they  rise  to  a  height  of  between  three  and  four  thousand  feet. 
Their  flanks  are  studded  by  innumerable  smaller  orifices.  I  scarcely 
hesitate  to  affirm,  that  there  must  be  in  the  whole  archipelago  at 
least  two  thousand  craters :  these  consist  either  of  lava  and  scoritB, 
or  of  £jielf'8trati&ed  sandstone-like  txiff.    "^o&X.  ^"l  '^'^X^I^^wl  v 
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beautif ally  symmetrical ;  they  owe  their  origin  to  ernptiom  d 
Tolcanic  mud  without  any  lava."  A  small  jet  of  smoke  was  seen 
curling  from  one  of  the  craters  in  Alfoemaiie,  and  emptioiis  are 
known  to  have  taken  place  in  modem  times. 

Great  parts  of  the  surface  of  most  of  the  islands  are  broken  fidds 
of  black  basaltic  laTa,  thrown  into  the  most  rugged  waTcs,  and 
crossed  by  great  fissures,  and  covered  by  stunted  sun-burnt  brush- 
wood. But,  while  the  lower  parts  of  the  islands  are  Teiy  steiilei 
the  upper  regions,  at  a  height  of  a  thousand  feet,  possess  a  damp 
cUmate  and  a  tolerably  luxuriant  v^etation.  The  commonest  bush 
is  one  of  the  Euphorbiaces,  and,  with  an  Acacia  and  a  great  odd- 
looking  Cactus,  are  the  only  plants  that  afford  any  shade.  Coarse 
grass  and  ferns  abound  in  the  upper  parts,  but  no  tree-ferns  nor 
any  of  the  Pahn  family  were  obserred.  Large  land-tortcHses,  ii 
prodigious  numbers,  are  the  principal  animals,  and  form  the  staple 
article  of  food  to  the  inhabitants,  who  are  nearly  all  people  of  colour 
banished  for  political  crimes  from  the  republic  of  the  Equator. 

The  rocks  on  the  coast  of  Albemarle  Island  abound  in  great  black 
lizards,  between  three  and  four  feet  long,  belonging  to  two  species; 
one  of  which  is  aquatic,  and  feeds  on  sea-weeds ;  the  other  is  ter- 
restrial. "  They  are  allied  to  the  Iguanidae  (?),  and  belong  to  the 
genus  Amblyrhynchusy  which  is  confined  to  this  archipelago.  They 
have  long  tails,  flattened  laterally,  and  all  the  four  feet  are  partially 
webbed.  Most  of  the  other  organic  productions  are  found  nowhere 
else:  there  is  even  a  dissimilarity  in  those  of  the  difi'erent  islands; 
yet  all  show  a  marked  relationship  with  those  of  America,  though 
separated  from  that  continent  by  an  open  space  of  ocean  between 
500  and  600  miles  in  width.  Of  terrestrial  mammals,  there  is  only 
one  that  can  be  considered  as  indigenous,  namely,  a  mouse;  and 
even  this  is  confined  to  Chatham  Island,  the  most  easterly  of  the 
group.  Of  land-birds,  twenty-six  species  were  obtained,  and  all  but 
one  peculiar  to  these  islands.  Of  the  order  of  reptiles,  in  addition 
to  the  Amblyrhynchi,  there  are  one  small  species  of  lizard  of  a  South 
American  genus,  one  snake,  and  of  marine  turtles,  or  chelonia,  more 
than  one  species,  and  two  or  three  of  tortoises.  No  batrachian 
reptiles,  as  frogs  or  toads,  were  observed.  The  Amblyrhynchi  are 
very  abundant,  and  the  terrestrial  species  especially  in  some  places; 
in  James*s  Island  their  burrows  were  so  numerous,  that  it  *as 
diiScuJt  to  find  a  spot  fvee,  on  which  to  pitch  a  tent.    The  t^^o 
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^^^^^^B  IB  their  general  structure,  a^d  ia  ruanj  of  tLcir  habits ; 
^H^BI^^TOt  that  rapid  movement  so  characteristie  of  the  genera 
Liicerta  and  Iguana,    They  are  both  herhivoroua,  although  the  kind 
of  vegetation  on  which  they  feed  is  very  different ;  the  land -species 
feed  on  the  succulent  Cactus,  and  the  aquatic  species  on  sea-wec^i. 
Mr*  Bell  has  given  the  name  to  the  genus  from  the  shortness  of  the 
snout :  indeed  the  form  of  the  mouth  may  aluiiDst  be  compared  to 
that   of  the  tortoise ;    an  adaptation  probably  rclerabie  to  their 
lierbivorous  appetites.     It  13  vei*y  interesting  thus  to  find  a  -well- 
characterized  gentu^,  havings  its  marme  atid  terrestrial  species,  be- 
longing to  so  confined  a  portion  of  the  world.    The  aquatic  speciea 
b  Ijy  far  the  most  eirtraordinary,  because  it  is  the  only  existing 
liiard  which  lives  on  marine  vegetable  productions.     These  islands 
are  not  so  remarkable  for  the  number  of  the  species  of  reptiles,  as 
for  that  of  ih%  individuals.     When  we  remember  the  well-beateii 
paths  made  by  the  thousands  of  huge  tortoises, — the  many  turtles, — 
the  great  warrens  of  the  terrestrial  Amblyrhynchi, — and  the  groups 
of  the  marine  speciea  ha3ldi:ig  on  the  coast -rocks  of  every  island  in 
this  archipelago, — we  must  admit  that  there  is  no  other  quarter  of 
the  world  where  the  Order  of  Eeptilcs  replaces  the  berbivoroua 
mamm^dia  in  so  e3.traordinary  a  manner.     The  geologist^  on  heanng 
this,  will  probably  refer  back  Im  mkd  to  the  Secondary  epochs* 
when  sauriaus,  some  hcrbivomus,  some  caniiYoroua,  aad  of  dimen- 
sions comparable  only  with  our  exutiBg  whales,  swarmed  on  the 
lands  and  in  the  seiis.     It  is,  tberefore,  worthy  his  especial  obserr- 
ation,  that  this  atchipelago,  instead  of  possessing  a  humid  ehmate 
aad  rank  Tcgetation,  cannot  be  considered  otberwise  than  extremely 
aridi  and,  for  an  equatorial  climate,  remarkably  temperate.     The 
botany  is  as  pccnhar  as  the  zoology.    Of  flowering  plants,  185 
apecies  were  coUected,  of  which  100  are  new;  that  is,  previously 
imknown  to  the  botanist  j  and  40  cryptogamic  species."    Notwith- 
itanding  the  length  of  this  extract,  the  reader  should  refer  to  the 
onginal  for  many  highly  interesting  particulars,  and  sagacious  com- 
ments, which  are  here  necessarily  omitted. — Mr*  Ikncinh  Jmrmt 
tfa  Vo^agn  EQUfid  the  WqtU,  chap,  xvii- 
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ADDENDA. 


L  SiSTizuni  OOP  TBM  LoD.— TroBi  ilie  foiUowiiig  •totamii  it 
appean,  tluit  the  tlow  npwwd  moremoit  of  the  knd  is  in  pngnv 
in  other  ooontriea  at  well  as  in  SoandinaTiB  (aee  toLL  p.llfi). 

''Ontdtud  riiUiff  if  Nettfbimiltmd  mbom  ik§  iHk— The  whole  rf 
the  land  in  and  about  the  neighbouhood  of  Gonoq^iion  Bay,  feqr 
prdbablj  the  whde  iahndy  is  rising  out  of  the  ooeHL  at  ante 
idiieh  promises^  at  no  distant  di^»  materiaPj  to  ailbotfe  if  not  is 
lender  useless,  msny  of  the  best  haiboois  on  ilie  gpast  AiBit 
de  Grave  a  series  of  obsenrationa  hare  been  made^  wbidi  nndciiiaH|y 
prore  the  ra{»ld  displaoement  of  the  aea^lerd  in  tliB  iriomily.  8ennl 
large  flat  roeks  over  which  sohooneis  mi^^  pass  some  thiriy  0| 
forty  years  ago  with  the  greatest  furility  are  now  approaching  thi 
surface,  the  waters  being  scarcely  navigable  to  a  skiiL  At  a  plM 
called  the  Gosh,  at  the  head  of  Bay  Eoberts,  upwards  of  a  mile  bxm 
the  sea-shore,  and  at  several  feet  above  its  level,  covered  with  five 
or  six  feet  of  vegetable  mould,  there  is  a  perfect  beach,  the  stonei 
being  rounded,  of  a  moderate  size,  and  in  aU  respects  similar  to 
those  now  found  in  the  adjacent  land  washes." — Newfoundland  IbM^ 
October,  1847. 

In  Sir  Charles  Lyell's  admirable  Lecture,  "  On  the  suooessiTe 
Changes  of  the  Temple  of  Serapb*'  (delivered  before  the  Royal  Insti- 
tution of  Great  Britain,  March  7, 1856),  we  find  so  much  valuable 
information  on  the  subject  of  the  elevation  and  subsidence  of  areas 
of  land,  that  the  following  abstract  (from  the  Roy.  Instit.  Notices) 
will  be  of  great  use  to  the  student. 

"The  Temple  of  Serapis,  near  Naples,  is,  perhaps  of  all  the 
structures  raised  by  the  hands  9f  man,  the  one  which  affords  roost 
instruction  to  a  geologist.  It  has  not  only  undergone  a  wonderful 
succession  of  changes  in  past  time,  but  is  still  undergoing  changes 
of  condition,  so  that  it  is  ever  a  matter  of  fresh  interest  to  learn 
what  may  be  the  present  state  of  the  temple,  and  to  speculate  on 
what  next  may  l^ppeu  lo  \\..    T\^  «;^<(st^v^  viWe^sd  in  1750, 
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from  a  mixed  deposit,  extending  for  miles  along  the  eastern  shores 
of  the  Bay  of  Baise,  and  consisting  partly  of  strata  containing  marine 
shells,  with  fragments  of  bricks,  pottery,  and  sculpture,  and  partly 
of  volcanic  matter  of  subaerial  origin.  Varioub  theories  were  pro- 
posed in  the  last  century  to  explain  the  lithodomous  perforations, 
and  attached  serpulse,  observed  on  the  middle  zone  of  the  three  erect 
marble  columns  now  standing;  some  writers,  and  the  celebrated 
Goethe  among  the  rest,  suggesting  that  a  lagoon  had  once  existed 
in  the  atrium,  filled,  during  a  temporary  incursion  of  the  sea,  with 
salt  water,  and  that  marine  mollusca  and  annelids  flourished  for 
years  in  this  lagoon,  at  a  height  of  12  feet  or  more  above  the  sea 
level.  This  hypothesis  was  advanced  at  a  time  when  almost  any 
amount  of  fluctuation  in  the  level  of  the  sea  was  thought  more  pro- 
bable than  the  slightest  alteration  in  the  level  of  the  solid  land. 
In  1807,  the  architect  Niccolini  observed  that  the  pavement  of  the 
temple  was  dry,  except  when  a  violent  south  wind  was  blowing; 
whereas,  on  revisiting  the  temple  fifteen  years  later,  he  found  the 
pavement  covered  by  salt  water  twice  every  day  at  high  tide.  This 
induced  him  to  make  a  series  of  measurements  from  year  to  year, 
first  from  1822  to  1838,  and  afterwards  from  1838  to  1845 ;  from 
which  he  inferred  that  the  sea  was  gaining  annually  upon  the  floor 
of  the  temple,  at  the  rate  of  about  one-third  of  an  inch  during 
the  first  period,  and  about  three-fourths  of  an  inch  during  the 
second.  Mr.  James  Smith,  of  Jordan-hill,  when  he  visited  the  temple 
in  1819,  had  remarked  that  the  pavement  was  then  dry,  but  that 
certain  channels  cut  in  it  for  draining  off  the  waters  of  a  hot  spring 
were  filled  with  sea-water.  On  his  return,  in  1845,  he  found  the 
high-water  mark  to  be  28  inches  above  the  pavement,  which,  allowing 
a  slight  deduction  on  account  of  the  tide,  exhibited  an  average  rise 
of  about  an  inch  annually.  As  these  measurements  are  in  accordance 
with  others,  made  by  Mr.  Babbage  in  1828,  and  by  Professor  James 
Forbes  in  1826  and  1843,  Mr.  Smith  believes  his  own  conclusion  to 
be  nearest  the  truth,  and  attributes  the  difference  between  his  average 
and  that  obtained  by  Niccolini  (especially  in  the  first  set  of  measure- 
ments by  the  latter  observer)  to  the  rejection,  by  the  Italian  archi- 
tect, of  all  the  highest  water-marks  of  each  year,  causing  his  mean 
to  be  below  the  true  mean  level  of  the  sea.  In  1852,  Signer 
Arcangelo  Scacchi,  at  the  request  of  Sir  Charka  L^ell,  ^vt«.<L  tfcA 
temple,  and  compared  the  depth,  of  wa\,ei   Wi  \)cft  ^w«»ffifi^»  ^ki^ 
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its  level  as  previously  ascertained  by  liimself  in  1889,  and  found, 
after  making  allowance  for  the  tide  at  the  two  periods,  that  the 
water  had  gained  only  4|  inches  in  thirteen  years,  and  was  not  w 
deep  as  when  measured  by  MM.  Niccolini  and  Smith,  m  1845; 
from  which  he  inferred,  that  after  1845,  the  downward  movement 
of  the  land  had  ceased,  and  before  1852,  had  been  converted  into 
an  upward  movement.  Since  that  period,  no  exact  account  of  the 
level  of  the  wat^r  seems  to  have  been  taken,  or  at  least  none  which 
has  been  published. 

"  Sir  Charles  Lyell  then  called  attention  to  the  head  of  a  statue^ 
lent  to  him  for  exhibition  by  Mr.  W.  R.  Hamilton,  and  which  Mr.  H. 
had  purchased  from  a  peasant  at  Puzzuoli,  in  the  neighbourhood  of 
the  temple.  This  head  bears  all  the  distinctive  marks  of  the  Jupiter 
Serapis  of  the  Vatican ;  and,  among  others,  a  flat  space  is  seen  on 
the  crown,  doubtless  intended  to  receive  the  ornament,  called  the 
modius,  or  bushel,  an  emblem  of  fertility,  which  adorns  the  andent 
representations  of  this  deity.  One  side  of  the  head  is  uninjured,  as 
if  it  bad  lain  in  mud  or  sand,  while  the  other  has  '  suffered  a  sea 
change,*  having  been  drilled  by  small  annelids,  and  covered  with 
adhering  serpulse,  as  if  submerged  for  years  in  salt  water,  like  the 
three  marble  columns  before  mentioned. 

"  The  speaker  then  alluded  to  an  ancient  mosaic  pavement,  found 
at  the  time  of  his  examination  of  the  temple,  in  1828,  five  feet  below 
the  present  floor,  implying  the  existence  of  an  older  building  before 
the  second  temple  was  erected.  The  latter  is  ascertained  by  inscrip- 
tions, found  in  the  interior,  to  have  been  built  at  the  close  of  the 
second  and  beginning  of  the  third  centuries  of  the  Christian  era. 

"  A  brief  chronological  sketch  was  then  given  of  the  series  of 
natural  and  historical  events  connected  with  the  temple  and  the 
surrounding  region ;  comprising  the  volcanic  eruptions  of  Ischia, 
Monte  Nuovo,  and  Vesuvius ;  the  date  of  the  first  and  second 
teinples,  and  their  original  height  above  the  sea ;  the  periods  of  the 
submergence  and  emergence  of  the  second  temple ;  the  nature  of 
the  submarine  and  supramarine  formations,  in  which  it  was  found 
buried  in  1750;  and,  lastly,  allusion  was  made  to  a  bird's-eye  view 
of  this  region,  published  at  Home  in  1652,  and  cited  by  Mr.  Smith, 
in  which  the  three  columns  are  represented  as  standing  in  a  garden, 
at  a  considerable  distance  from  the  sea,  and  between  them  and  the 
sea  two  churches,  occ\ipy\ii^  ^\o\ra.^ >n\i\.cIv  has  since  disappeared. 


tYf:i,T.  fiS  ELEVATION  AND  SUBSIDENCE, 


961 


The  bbtory  of  tlie  aiiiking  and  burying  of  the  temple  in  tbe  dark 
ttgeft,  reapectmg^  which,  no  human  records  we  ext4i.tit,  has  been 
deduced  from  mumte  investigations  made  by  Mr.  Babbage  and 
Str  Edmund  Uead,  in  1828,  respecting  the  nature  and  contents  of 
certain  deposits  formed  round  the  columiiii,  bcbw  the  zone  oi"  litho- 
domous  perforations. 

**  The  unequal  amount  of  movBrnent  in  the  land  and  bed  of  the 
sea,  and  its  diS'erent  directions  in  adjoining  areai  in  and  around  the 
Eay  of  Baiffi,  were  then  pointed  out ;  and  the  fact  that  the  Temple* 
of  Neptune  and  the  Nymplis  are  now  under  water,  as  well  as  soma. 
Boman  roads,  while  no  eyidence  of  any  correapondiug  subsidence 
or  oscillations  of  leyel  are  discoverahle  on  the  site  of  the  citj 
of  Naples,  which  is  only  four  miles  diatant  in  a  straight  line. 
Analogous  examples  of  upward  and  downwaj-d  movements  in  other 
parts  of  the  Mediterranean  were  cited,  such  as  the  sarcophagus  of 
Telmessus  m  Lycia,  described  hy  Sir  Charles  Fellows ;  and  tho 
changes  in  Candia,  rccentiy  established  by  Captain  Spratt,  KN-» 
who  has  aacertained  that  the  western  end  of  that  islMid  has  been 
Tiplifted  17  feet  above  its  ancient  level,  while  another  part  of  the 
southern  coast  has  risen  more  than  27  feet,  so  that  the  docks  of 
ancient  Gieeian  porta  are  upraised,  as  well  as  limestone  rocka 
drilled  by  Uthodomi,  At  the  same  time  the  eastern  portion  o£ 
Candia  (an  island  about  SOO  miles  long)  has  sunk  many  feet, 
causing  the  ruins  of  several  Greek  towns  to  be  visibie  under  water. 
Looking  beyond  the  limits  of  the  Mediterranean,  the  buried  Hindoo 
temple  of  Avantipura  in  Cashmere,  with  its  74  pillars,  described  hy 
Eh-,  Thomson  and  Major  Cunningbam,  were  mentioned >  and  how 
their  euTclopment  in  lacustriue  silt,  at  some  period  after  the  year 
850  of  our  era,  had  caused  them  and  their  statueg  to  escape  the  fury 
of  the  Mahometan  conqueror  Sicander,  who  l>ore  the  name  of  the 
idol-breaker.  {Principles  of  Geology j  9tk  edition,  p»  7G2)  The  gradual 
subsidence  of  the  coast  of  Greenland,  and  the  elevation  of  a  large 
part  of  Sweden,  century  after  century,  were  also  instanced ;  and 
lastly s  the  latest  event  of  the  kind,  yielding  to  no  other  in  the 
magnitude  of  its  geological  and  geographical  import ancc^  the  earth- 
quake of  New  Zealand,  of  January  23cd,  lS5a.  The  shocks  of 
thiu  convulsion  extended  over  an  area  of  land  and  sea  three  times 
as  large  as  the  British  Isles ;  after  it  had  ceased,  it  w^  found  that 
a  tract  of  land,  in  the  immediate  vicinity  q1  "Wd^isx^TL^  ^\ss^t^^\^         J 
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4d00  8qiiare  mOes,  or  neuly  «pul  toYodniliire  in  dimoiMM^bMi 
been  npraised  from  one  to  nine  feet,  and  a  range  of  bills,  couiitiBg 
of  older  rooks,  nplifM  Teriicalfy,  wbik  ibe  teriiaiy  plsios  to  tk 
east  of  it  remained  nnmoTed;  so  tbat  a  predpioe  nine  feet  in  p»- 
pendionlar  beigbt  was  prodnoed,  andisoYensiddtobetnoeablBfv 
90  miles  inland,  from  nortb  to  soatb,  bordering  tbe  pbon  of  the 
Wairan^fMU  inoonseqnenoeof  ariseof  ilrefbelof  tbetandoatin 
norib  side  of  Cook's  Strait,  near  Wellington  and  Ptet  NiehoboB, 
tbe  tide  bad  beenalmost  ezdnded  from  tbe  Biver  Hvtt,irbileoa1k 
soutb  side  of  tbe  same  straits  in  tbe  Middle  Island,  vben  As 
ground  bas  sunk  about  five  feet,  tbe  tide  now  flows  serenlaibi 
farther  np  the  rrrer  Wairan  tban  before  the  earthqnake. 

"Sir  Charles  then  allnded  to  bis  disooveiy,  in  1888,  of  mnM 
sbeDs  inToloanio  toll^  at  tbe  beigbt  of  nearfy  SOOO  fleet,  in  tbe  idui 
of  tsebia;  and  to  ibo  ouet  agreement  df  tbeae,  as  well  as  otkr 
fossil- shells,  sinoe  ooUeoted  by  M.  Fbilippi,  with  species  now  inkiUt* 
ing  tbe  Mediterranean.  If  the  antiqoitj  of  snob  derated  deponb^ 
when  contrasted  with  those  found  during  tbe  last  8000  yean  in  tte 
neighbourhood  of  the  Temple  of  Serapis,  be  as  great  as  the  rditin 
amount  of  morement  in  the  two  cases,  or  as  2000  is  to  SO  M,  it 
would  show  how  slowly  the  testaceous  fauna  of  the  Mediterranean 
undergoes  alteration :  and  therefore  that  naturalists  ought  not  to 
expect  to  detect  any  sensible  variation  in  the  marine  fauna  in  the 
course  of  a  few  centuries,  or  even  several  thousand  years. 

"  In  conclusion :  the  probable  causes  of  the  permanent  upheaTil 
and  subsidence  of  land  were  considered — ^the  expansion  of  solid  locb 
by  heat,  and  their  contraction  when  the  temperature  b  lowered,  the 
shrinkage  of  clay  when  baked,  the  excess  in  the  volume  of  melted 
stone  over  the  same  materials  when  crystallized,  or  in  a  state  of 
consolidation ;  and,  lastly,  the  subterraneous  intrusion  of  horizontal 
dykes  of  lava,  such  as  may  have  been  injected  beneath  the  surfecCi 
when  melted  matter  rose  to  the  crater  of  Monte  Nuovo,  in  1538. 
A  large  coloured  section  of  a  clifiP,  1000  feet  high,  at  Cape  Giram, 
in  Madeira,  was  referred  to  as  illustrating  the  intrusion  both  of 
oblique  and  horizontal  dykes,  between  layers  of  volcanic  materials 
previously  accumulated  above  the  level  of  the  sea,  and  after  Ma- , 
deira  had  been  already  clothed  with  a  vegetation  very  similar  to 
that  with  which  it  b  now  covered.  The  intercalation  of  such  hori- 
zontal sheets  of  lava  between  ^\.€cna^\w%\ft^  ^1  ^\dfic  lava  and  tuf 
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would  uplift  the  incumbent  rocks,  and  fonn  a  permanent  support 
to  them ;  but  when  the  fused  mass  cools  and  consolidates,  a  partial 
failure  of  support  and  subsidence  would  ensue." 

n.  Mastodon  and  Elephant. — So  much  light  has  of  late  been 
brought  to  bear  on  the  history  of  these  great  pachyderms,  both  in  a 
zoological  and  geological  point  of  view,  by  Dr.  Hugh  Falconer, 
F.R.S.,  F.G.S.,  that  we  are  induced  to  reproduce  the  Abstracts  of 
his  memoirs  on  the  subject,  read  before  the  Geological  Society  of 
London ;  drawing  attention  particularly  to  the  specific  alliances  of 
the  remains  of  the  Mastodon  found  in  the  Crag  of  Norfolk  (see  vol. 
i.  p.  160),  which  Dr.  Falconer  determines  to  be  the  Auvergne  species, 
and  not  that  known  as  M.  angustidens. 

1.  On  the  Species  of  Mastodon  and  Elephant  occurring  fossil  in 
Great  Britain.--Part  I.  Mastodons.  By  H.  Falconer,  M.D.,  F.R.S., 
F.G.S. 

The  object  of  this  communication  is  to  ascertain  what  are  the 
species  of  the  Proboscidea  found  fossil  in  Britain ;  what  the  specific 
names  which  ought  to  be  applied  to  them ;  and  what  the  principal 
formations  and  localities  where  they  are  elsewhere  met  with  in  Europe. 
The  Mastodon  of  the  Crag  forms  the  subject  of  this  first  part  of  the 
memoir :  the  second  part  will  treat  of  the  Elephant-remains  found 
in  Britain.  The  author  commenced  by  insisting  on  the  importance 
to  geology  that  every  mammal  found  in  the  fossil  state  should  be 
defined  as  regards,  first,  its  specific  distinctness ;  and,  secondly,  its 
range  of  existence  geographically  and  in  time,  with  as  much  severe 
exactitude  as  the  available  materials  and  the  state  of  our  knowledge 
will  admit.  He  observed  that  with  regard  to  the  remains  of  the 
proboscidean  genera,  Dinotherium,  Mastodon,  and  Elephant,  some 
of  which  abound  in  the  miocene  and  pliocene  deposits  of  Europe, 
Asia,  and  America,  the  opinions  respecting  the  species  and  their 
nomenclature,  in  all  the  standard  palseontological  works  on  the  sub- 
ject, are  extremely  unsettled  and  often  contradictory. 

Dr.  Falconer  then  proceeded  to  explam  his  views  of  the  natural 
classification  of  the  proboscidean  pachydermata,  recent  and  fossil, 
according  to  dental  characters.  In  the  Dinothere,  with  its  tapiroid 
molars,  the  last  milk-molar  and  the  antepenultimate  (or  first)  true 
molar  are  invariably  characterized  by  «h  "  IcrQar^-TAagsAc^ssssw^ 
formula,"  or  in  other  words,  their  CTOwna  wc^  ^\^<^\e^^ 
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transyerse  lidgea.  In  the  Mastodon  not  only  the  last  milk-mokr 
and  the  first  true  molar,  bat  also  the  second  or  pennltimste  true 
molar  (being  three  teeth  in  immediate  contignitj),  are  invariaUy 
characterized  in  both  jaws  by  an  isomerons  division  of  the  crown  into 
either  three  or  four  ridges ;  or,  in  other  words,  are  severally  char- 
acterized by  either  a  "ternary-*'  or  " qnatemary-ridge-formuW 
These  three  isomerous-ridged  teeth  are  referred  to  as  "the  inter- 
mediate molars."  To  the  ternary-ridged  species  the  author  assigns 
the  subgeneric  name  of  Trilopkodon;  and  TetralopAodam,  to  the  qua- 
temary-ridged  species.  The  molar  in  front,  and  that  one  behind 
these  intermediate  molars,  are  also  characteristically  modified  in  these 
two  subgenera.  In  Trilophodon  the  penultimate  or  second  milk- 
molar  is  two-ridged,  and  the  last  true  molar  is  four-ridged :  in  Tetra- 
lophodon,  the  former  is  three-ridged,  and  the  latter  five-ridged.  The 
author  considers  it  highly  probable  that  a  subgeneric  groiq^  character- 
ized by  a  quinary-ridge  formula  {TentcUophodon)  has  existed  in  nature^ 
but  of  which  no  remains  have  yet  been  discovered. 

The  Elephants  are  distinguished  from  the  Mastodons  by  the 
absence  of  an  isomerous  ridge-formula,  as  regards  the  three  inter- 
mediate molars,  and  by  the  ridges  ranging  from  six  up  to  an  inde- 
finite number  in  these  teeth,  in  different  groups  of  species.  Dr. 
Falconer  arranges  the  numerous  fossil  and  recent  forms  in  three 
natural  subgenera,  founded  on  the  ridge-formula,  in  conjunction  with 
other  characters.  In  the  Stegodon  (comprising  besides  other  forms 
the  Mastodon  elephantoidesy  CUft)  the  ridge-formula  is  hypisomerous ; 
and  the  ridges  number  six  or  eight.  The  Loxodon  (including  the 
African  Elephant)  is  also  hypisomerous,  and  has  &om  seven  to  nine 
plates  or  ridges.  The  Euelephas  (including  the  Flepkas  Indicut  and 
six  fossil  species)  is  the  largest  and  most  important  group,  and 
comprises  the  typical  Elephants  having  thin-pkted  molars.  Here 
the  ridge-formula  is  anisomerous,  and  regulated  by  progressive 
increments,  as  8,  12,  16 ;  the  hicrher  its  numerical  expression,  the 
greater  the  liability  to  vary,  within  certain  limits  dependent  upon 
the  race,  sex,  and  size  of  the  individual.  The  lower  molars  often 
exhibiting  an  excess  of  plates  over  those  in  the  upper  molars. 

Reverting  to  the  Mastodons,   Dr.  Falconer  observed  that  the 
subgenera  Trilophodon  and  Tetralophodon,  as  regards  number  of  * 
forms,  are  of  nearly  ec\y3L?2L  N^^sxa  *,  ^Js^s.  VsrokSt  ^^^^min^  seven,  and 
the  latter  six,  wcH-maiWe^  s^^d't^.  ^^vr^  %\<;sQ.^\a  ^>s5^'>c^h3^ 
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parallel  subordinate  groups.  In  the  one  series  the  ridges  are  broad, 
transverse,  more  or  less  compressed  into  an  edge ;  with  the  inter- 
mediate valleys  open  throughout,  and  entirely  uninterrupted  by  sub- 
ordinate tubercles.  These  are  represented  in  Trilophodon  by  Tri- 
loph.  Ohiotictu,  and  in  Tetralophodon  by  Tetr,  latident.  In  the 
other  series  the  ridges  are  composed  of  blunt  conical  points,  which 
are  fewer  in  number,  flanked  in  front  and  behind  by  one  or  more 
subordinate  outlying  tubercles,  which  disturb  the  transverse  direction 
of  the  ridges  and  block  up  the  valleys.  This  series  is  represented 
by  Trilophodon  angttstidefu  and  by  Tetralophodon  arvemenm.  In 
both  subgenera  the  species  with  transverse  compressed  ridges  may 
be  compared  with  Dinotherium,  as  regards  their  molar  crowns ;  and 
the  other  series  with  Hippopotamus. 

The  European  fossil  species  of  Mastodon,  according  to  the  author, 
are  the  following: — Trilophodon  Borsoni,  I.  Hays,  Tril,  tapiroides^ 
Cuvier,  Tril.  angustidens,  Cuvier  {pro  parte),  Tril.  pyrenaicm, 
Lartet  MS.,  Tetralophodon  longirostris,  Kaup,  and  Tetr,  arvemensis, 
Croizet  and  Jobert.  With  the  exception  of  Triloph.  Borsoni  and 
Tetral.  arvemensis,  which  are  of  Pliocene  age,  the  above-named 
species  are  of  Miocene  age. 

Dr.  Falconer  proceeded  to  state  that  the  remains  of  only  one 
species  of  Mastodon  have  hitherto  been  discovered  in  the  British  Isles. 
They  occur  in  what  is  called  the  Older  Pliocene  Red  Crag,  at  Felix- 
stow  and  Sutton,  in  Suffolk,  and  in  the  Newer  Pliocene  Fluvio-raarine 
or  Mammaliferous  Crag  at  various  localities  near  Norwich  and  in 
Suffolk.  After  remarking  that  Professor  Owen  had  referred  the 
teeth  of  the  Crag  Mastodon  to  M.  angustidens,  making  M.  longi- 
rostris  and  M.  arvemensis  to  be  synonyms  of  this  species  (as  Cuvier 
had  also  done),  Dr.  Falconer  gave  in  detail  the  history  of  the  dis- 
covery and  publication  of  the  trae  M.  angustidens  (Cuvier),  and  of 
the  M.  arvemensis  and  M.  longirostris.  He  then  passed  in  review 
the  opinions  and  statements  of  these  authors,  as  well  as  of  Blainville, 
Laurillard,  Grervais,  Pomel,  Lartet,  and  Sismonda,  on  these  species, 
and  on  the  specimens  which  these  observers  had  severally  described, 
sometimes  under  additional  specific  names.  He  then  described  the 
characteristic  pecidiarities  both  of  the  molars  and  of  the  symphysis 
•  of  the  lower  jaws  in  these  three  species ;  and  showed  that  the  mohm 
from  the  Crag  were,  like  those  of  Tetral.  arvemenm,  duuracterisad 
iowr-ndged  molars,  with  their  conical  -j^mtAu^st^  Qx\K«ik  ito 
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and  with  their  yaUeys  blocked  Mp  ■  and  that  tbej  essQntiallj  diferd 
froni  the  molars  of  the  Trthpk.  afi§mti<km  from  Simorte,  Dflit,  Ac^ 
and  from  the  Teiral.  loii^iroftirh  oi  Eppelsheim*  TheM,  arvernenais  of 
Montpellier,  Auvorgne,  Italy,  &c.,  had  no  lower  tuaks ;  and  tb 
author  is  of  opinion  that  the  odf  spccittien  which  has  been  figured 
and  described  as  one  of  the  lower  tusks  of  the  Crag  Maslodoa  isi 
tcrriiiual  frag  me  at  of  one  of  the  upper  tusks  of  this  species. 

From  oateological  conjaideratious  it  appears  that  Tetral.  arvK^ 
nensia  was  of  a  low  and  heavj  make ;  that  Tetral.  longirostris  ffaa 
of  similar  general  proportions ;  and  that  Triloph,  angustidena  vss 
higher  in  its  limbs  and  of  a  comparatively  light  and  slender  bliape. 

In  his  observationa  on  the  Geological  age  and  associated  fauflaa  of 
the  formatiotia  in  which  these  spticies  severally  occur,  Br.  Falconer  ob- 
served that  TfilophGdon  aH^mUd^m  is  a  clmraoteristic  speeies  d 
the  miocene  faluuian  beds  throughtrnt  Europe,  and  is  asaoeiated  ^th 
TriiopL  tapiroid^A  in  the  Faluna  of  France  and  the  upper  freshwater 
Molasse  of  Switzerland.  Tsirakpkodon.  hft^irostris  is  an  importaui 
member  of  the  Eppelsheim  fauna^  whieh^  though  its  deterraiiifltioQ 
is  accompanied  with  great  difficnltyr  appears  to  be  identical  id  its 
leading  features  with  that  of  tba  faluaian  deposits  of  France  ani 
Switsserhmd.  The  TdrahphodoH>  ffrvemeftsk  is  characteristic  of  the 
pliocene  fauna ;  and  it  had  a  very  extended  range  of  habitat  Qm 
Europe,  accompanying  Lcsod&Jt  mendiomtUs  (Nesti)  in  Tuseaiiy,- 
TrilopAodo/^  Bormni^  l^xodoit  ptU^m^,  and  Euekphm  antiqum  in  Pied- 
mont and  Lombardy, — Lojoodo/t  merldiQmiU  at  MoutpeUier,— Mid 
Trd.  Bor^ni^  Lo^.  fneridkrt^Us,  and  La^  prkcm  in  Velay  and  Au- 
vergne.  After  having  reviewed  the  circumstances  under  wbict 
Mastodon  remains  occur  in  the  British  strata.  Dr.  Falconer  dob- 
eludes  that,— 1st  J  The  Mastodon  remains  which  have  been  met  wtth 
in  the  Fluvio-marine  and  Bed  Crags  belong  to  a  pliocene  form, 
namely  Tetmhphodon  at^ernemis.  2udly,  The  mamra»^au  fannAtif 
the  Red  and  Fluvio-marine  Crags,  regarded  as  a  whole,  bears  all 
the  characters  of  a  Pliocene  a^,  and  is  identical  with  the  Sub- 
appuniiie  Pliocene  fauna  of  Italy.  3rdly,  The  Red  and  Fluvio-mariije 
Crags,  tested  by  their  mammaUan  fauna,  must  be  considered  as  beds 
of  the  same  geological  age. 

Throughout  this  paper,  for  the  sake  of  clearness,  the  sabgectErM 
names  hate  been  used  in  designating  the  species.  The  author, 
Ending  that  the  namB   Ela^mdon^  applied  to  the  third  group  of 
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Replants,  in  tte  "  Pauiia  Antiqaa  Sivaleiisis,"  in  1847,  bad  been 
previouslY  used  for  a  fossil  fish,  baa  abandoned  it,  and  applies  the 
term  Bueiephas  in  lieu  of  it. 

2.  On  the  Species  of  Mastodon  and  Elephant  occnmng  in  the 
Jossil  State  in  England-— Part  IL  Elephants.  By  H.  Falconer, 
M.B.,F.ll.S.,r.G.a 

In  the  introductory  portion  of  Part  I,  of  this  Memoir,  the  author 
alluded  to  the  ambiguity  that  has  existed  relative  to  the  mamitmlian 
fattnce  of  the  Miocene  atid  Pliocene  periods  in  consequence  of  pa- 
laeontologists confounding  several  distinct  forma  of  Madodon,  of 
different  geological  ages,  under  one  name  (if,  augmtidem)  ■  and  on 
this  occasion  Dr,  Falconer  stated,  that,  in  the  application  of  the  name 
Eiephas  primigeMim  (Mammoth)  to  a  multitude  of  elephantine  re- 
maina  from  various  superdcisd  and  deep  deposits,  over  a  vast  extent  of 
territory,  and  of  ditferent  ages,  a  sitniJar,  if  not  a  greater,  amount  of 
error  and  confusion  had  arisen.  In  fact,  at  least  half  the  habitable 
globe  has  been  aasigned  to  the  Mammoth  as  bis  pasture-ground ,  if 
we  were  to  accept  the  detcnnt nations  of  aU  those  who  have  written 
on  the  remains  of  Eiephas  primiffmitt^.  The  dnratioti,  too,  of  this 
nominal  species  in  time  is  equally  remarkable,  so  considered ;  since, 
as  it  has  been  quoted  from  the  lower  and  the  upper  pKocene  beds, 
as  well  as  from  the  post-pliocene  glacial  gravels,  it  ought  to  have 
existed  before  the  Enropean  area  received  its  present  geographical 
form,  and  indeed  before  the  Alps,  Apennines,  and  Pyrenees  reacbed 
their  present  elevation*  After  noticing  the  difficulty  met  with  by 
the  geologist  in  the  classification  of  the  newer  Tertiaries,  on  account 
of  this  ubiquitous  presence  of  the  Mammoth,  the  author  proceeded 
to  show  that  several  species,  belonging  to  two  distinct  aubgenera, 
have  been  generally  confounded  under  the  name  of  Ekphm  primi" 
ffem/i^;  and  that  each  had  its  limited  range  in  geographical  area  and 
geological  time*  The  present  condition  of  the  nomenclature  of  the 
aahject,  and  the  history  of  the  established  species  of  European  fossil 
Elephants,  namely,  Loxodon  meridioTmlis,  Lo^odon  pnseusy  Ea^iephas 
miiqum^  and  Efidephas  pnmigeniu^,  preecdcd  an  explanation  of  the 
principles  on  which  the  species  are  determined,  and  a  description  of  the 
dental  characters  by  which  the  Elephants  are  divisible  into  sub-genera, 
—a  succinct  account  of  which  was  given  in  the  former  part  of  the  Me- 
moir (Geol.  Joum.  voL  xiii,  p.  462),  The  "intermediate  molars  "  in 
Elephants  h^ye  never  less  than  six  diviaiona  oE  t\ifc  Gto^irck,  ^m&^  ^JCKsna- 
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times  ji»  many  as  eighteen.  These  mokra  da  not  nil  have  an  eqial 
nnmbeT  of  ridges :  some  Elephants  have  an  angmentatioTi  of  odj 
one  ridge  to  the  crown  of  the  pentiltimate  of  the^e  mobrs;  these  an 
"  hjpiaonierous,"  namely  ^^odon  and  L^xodon :  others,  in  vhidi 
the  niuuber  of  the  ridges  progressively  increases,  sie  "  anisotnOTOTH," 
and  form  a  third  natural  group,  namely  tbc  Eiie(epha*  or  £lephm 
proper*  The  St^^odrnt  has  four  species,  fossil  in  India-,  aud  ap- 
proaches the  3fa^odon  in  the  form  of  the  molars.  The  Lo^todon  m- 
eludes  the  exi^^ting  Afrifian  Elephant  and  three  fossil  species,  and  is 
characterised  by  its  distinct  rhomboidal  discs  of  wear  on  tKe  grinders. 
Euelepha9  has  thin-plated  molars  ;  but  in  some  apecics  there  arc  iiF 
tcnaediate  stages^  as  regards  the  angular  mesial  eipansion  of  the 
pbtea,  between  it  and  L&jrodm^. 

Dr.  Falconer  next  proceeded  to  review  some  wcll-ascertaiMd 
mammalian  faunffi  localized  in  certain  parts  of  Europe,  where  tk 
condititma  of  deposit  are  most  simple,  and  to  apply  tbe  results  to  the 
more  complex  instances,  wbere  the  remains  of  more  than  one  dis- 
tinct fauoa  are  intermingled,  or  so  closely  deposited  as  to  he  too 
readily  confused  by  collectors.  With  this  view,  the  author  instanocil 
the  Subapennine  or  pliocene  deposits  of  the  Astesan,  and  elsewhere 
in  Piedmont  and  Lombardj,  where  Trthphodon  Bor^onij  Tetr^ 
pkothn  arr^ryi^w***,  Loxodon  meridixmalin^  Lgx.  prtscuSt  and  Eudr- 
phtu  ORttqitug^  with  Hhirwcero^  leptorhinits^  Hippaj^oi^iTms  ma^^ 
frc.,  are  found  associated  together*  In  the  Subapennine  beds  of  the 
Val  d^Amo,  in  Tuscany,  Tetralophodon  arrernensis  and  Loxodfm 
merulianalii  occur  with  the  same  Hippopoiamus  and  Mhimfen>t* 
Near  Charircs  in  IFrance,  Lmod&n  mtridwnalU  accompanies  E* 
major  and  Bhinocerot  lepl^rhmm.  Tbe  above-mentioned  are  oeccs- 
sarily  the  leading  mammalian  forms  of  the  older  Pliocene  period. 
North  of  the  Alps  pliocene  deposits  similar  to  tliose  of  Italy  occar  in 
fiomc  parts  of  Switicrland,  bat  they  are  soon  overlaid  towards  tk 
north  bj  a  distinct  mass  of  embtm  drift  of  a  different  age  and  with 
different  mammalian  remains.  In  the  fluviatile  "Lo^s  **  or  **  Lehw'* 
of  the  vaUej  of  the  RhinCj  and  in  the  Glacial  Drift  of  tiie  pkh^  of 
Nortbera  (Jermanyj  these  post-pliooene  deposits  contnin  remaina  ^ 
the  true  Mammoth,  with  the  tichorhine  Rhinoceras*  the  Musk- 
buffalo*  Ac.,  wbicb  thus  constitute  the  leading  types  of  the  pM^ 
pliocene  mammalian  fauna. 

Oo  the  eastern  ootsI  ot  I!ji^aa4,  thi^  Crag-deposits  (the  lUd  ^ 
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Norwicb  Crags)  yield  the  pliocene  Ttiralophodon  arvemenmSt  Loxodm 
nmidwnuliSt  and  Euehpha^  antiquus  ;  and  the  so-called  Elephant- 
beds  at  Cromer,  Mundcsley,  and  Hasbo  rough  funijsh  Lox.  nwn- 
iwnali^  and  Mu^L  antitpms^  ^vilh  Rhin.  hptorhinus  and  Hip.  major. 
The&e  characteristically  pliocene  fosaila,  however,  are  oeeasioiially 
intenmngled  with  tte  remains  of  the  post-plioeene  Euekphfts  primi^ 
jfmmB,  the  Latter  fossils  bavitig  been  derived  from  the  OYCrljing  and 
later  drift-beds,  which  have  thus  pnived  a  fertile  source  of  the  con- 
fusion and  ambig-aity  already  referred  to.  To  some  extent,  similar 
conditions  exist  at  Brat:klesham  Bay  and  Pagham  Harbouri  where 
molars  of  E.  primujemua  are  found  in  the  upper  gravels,  whilst 
reumins  of  £.  mitiqum  abound  in  the  older  mud-deposit,  lately 
described  in  the  Geological  Society's  Journal  by  Mr.  God  win- Austen. 
Dr*  Falconer  theoi  tunsidered  the  iiuviatile  deposits  of  the  Valley 
of  the  Thames,  in  relation  to  their  Elephantine  remains  >  espeoiallj 
at  Gmys  Thurn>ck  and  Brentford.  At  the  former  plaee  the  author 
reeognises  the  true  pHoeene  assemblage  of  Loxodun  priscus^  Euek- 
phas  antiqmiA^  Ilippopotamus  major^  and  lUtmoceros  kptorhinm;  hut 
the  group  of  mammals  found  at  Brentford,  according  to  the  published 
determinations^  indicate  the  close  prosimity  of  both  the  pliocene 
and  post-pliocene  faunae  at  different  levels  of  tlie  aame  section.  The 
Grays  Thurrock  deposits,  and  the  lower  beds  at  Brentford,  were  in- 
ferred to  be  of  an  earlier  age  than  any  part  of  the  Boulder-Clay 
or  Till. 

The  grouping  of  the  B.  primigeniwi^  Rhinoc^o^  tichftrhinmj  Bu- 
haltts  moschEttm^  &c.,  in  the  newer  gravels  of  England  and  elsewhere, 
Was  next  dwelt  upoD,  a$  affording  an  additional  clue  to  the  tracing 
of  the  several  eharaetertstic  mammalian  faun®  over  the  European 
area. 

To  the  possible  objection  of  there  being  too  many  large  Probos- 
cideans grouped  in  one  fauna,  the  author  replied  that  the  bones  of 
Elephantine  animals  of  three  distinct  species  actually  occur  together 
ia  one  stratum  in  Italy,  and  that  six  specieB  are  found  in  deposits  of 
one  age  isi  the  Sivabk  hiHs. 

Dr.  Falconer  concltides  that  the  same  mararaahan  fauna  existed 
throughout  the  period  during  which  both  the  Crag  and  the  fluviatUe 
beds  of  the  Thames  Valley  were  being  deposited ;  and  that  a  chro- 
nological division  of  the  newer  Tertiaries  into  older  Pliocene^  newer 
Pliocene  or  Pleistocene^  and  Post-pliocenej  ia  untenable  \  too  mm:k 
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stress  haTing  been  laid  by  authors  upon  the  shell-evidence  on  this 
point.  At  the  same  time,  it  is  not  meant  to  be  implied  that  all  the 
species  of  the  fauna  ranged  everywhere  throughout  the  area ;  some 
in  all  probability  were  peculiar  to  the  south,  and  others  to  the  north. 

The  presence  of  the  Hippopotamus  in  the  pliocene  deposits  was 
pointed  out  as  being  of  great  importance  in  indicating  the  character 
of  the  pliocene  land,  which,  extending  between  England  and  the 
Continent,  must  have  afforded  a  great  system  of  rivers  and  lakes, 
and  probably  had  a  comparatively  warm  temperature,  as  late  as  the 
deposition  of  the  Grays  bed,  where  also  (as  is  well  known)  occur 
some  southern  freshwater  shells,  now  extinct  in  England. 

After  some  remarks  on  the  negative  evidence  afforded  by  this 
mammalian  fauna  with  regard  to  the  supposed  refrigeration  of  the 
land  during  the  Pliocene  period.  Dr.  Falconer  reviewed  the  opinions 
of  some  English  geologists  on  the  physical  conditions  and  faunae  of 
this  region  during  the  newer  Tertiary  epoch,  especially  the  views  of 
Mr.  S.  Wood,  Mr.  Prestwich,  and  Mr.  Trimmer;  and  concluded 
with  a  few  remarks  on  the  occurrence  of  E.  arUiquus  in  the  Cefn  and 
Kirkdale  Caves,  and  of  E,  primigenius  in  Kent's  Hole,  and  on  the 
non-existence  of  E.  primigenius  south  of  the  Alps,  and  its  restriction 
in  the  United  States  of  America  to  the  Northern  and  Central  States. 
In  the  Southern  States  and  in  Mexico  a  distinct  fossil  species, 
Euelephas  Columbia  hitherto  undescribed,  occurs  along  with  remains 
of  Mastodon,  Mylodon,Megatherium,  Horse,  &c. 

III.  Possible  extension  op  the  Crag-deposits  over  a  part 
OP  THE  South-east  op  England. — Some  interesting,  though  not 
yet  clearly  explained,  facts  relative  to  certain  tertiary  beds  overlying 
the  Chalk  of  Kent,  have  been  described  by  Mr.  Prestwich,  F.R.S., 
F.G.S.,  who  thinks  it  probable  that  they  may  be  of  the  age  of  the 
"  Crag "  (see  vol.  i.  p.  223).  To  put  our  readers  in  possession  of 
the  main  features  of  this  discovery,  the  following  abstract  of  Mr. 
Prestwich's  Memoir  is  taken  from  the  Quart.  Joum.  Geol.  Soc.  vol. 
xiii.  p.  212. 

On  some  Fossiliperous  Ironstone  occurring  on  the  North  Downs. 
By  Joseph  Prestwich,  Esq.  F.R.S.,  F.G.S. 

Besides  a  drift  oi  red  \oaHv  V\\\v^yoX,?>,^sxs.\*C^^W«  Ics^ial  outliers 
lower  tertiary  sands  and  ^^\i\^<&^^^^*^^^^  ^^  ^^^x^xfe^^^-^si^ 


laON-SANDB  OF  THE  NORTH  DOWNS.  ViL 

iimmit  of  tbe  Nortli  Downjs  from  Folkestone  to  Dorking  a  few 
scs  of  sandj  gravel,  and  ironstone,  wideh  present  &  certain  regu- 
larity of  struetnre  and  anifonnitj  among  themselves^  and  are  clearlj 
different  from  ajid  of  a  later  age  than  the  outliers  of  eocene  tertiaries 
on  the  same  hills.  Mr.  Prestwich  had  long  been,  acquainted  with 
these  ferruginous  sands  near  Vigo  Hill,  where  thej  are  about  20  feet 
thick ;  and  at  Paddiesworth  and  other  places  near  Folkestone,  where 
they  are  even  better  developed  ;  but,  though  the  ironstone-fraginents 
derived  from  these  beds  are  frequently  found  dispersed  about  the 
Downs,  it  was  long  before  he  met  witlj  any  fosi^ils  in  these  beds^ 
with  the  exception  of  a  piece  of  fossil  wood  pierced  by  Teredo,  and  an 
obscure  cast  of  a  bivalve  shell,  near  Paddiesworth. 

In  December,  185  i,  however,  some  blocks  of  gritty  ferruginous 
sandstone,  full  of  casts  of  ahellsj  were  communicated  to  the  author  by 
Messrs,  W,  Harris  and  Rupert  Jones,  who  had  met  with  the  speci- 
mens in  some  sand  pipes  in  the  Chalk  at  Lenham,  eight  miles  east  of 
Maidstone,  and  regarded  them  as  belonging  to  the  Basement  Bed  of 
the  London  Clay.  This  fossiliferous  ironsand  on  close  examination 
yielded  casts  of  bivalve  and  univalve  shells  belonging  to  nearly  thiity 
genera,  besides  indications  of  LunuUies^  Drndetm,  &:c.  The  presence 
of  a  Terstr&iida  very  like  T.  grandis^  with  several  species  of  Adii>rUt 
and  afterwards  his  finding  a  large  Lutraria-likc  shell,  led  Mr,  Prest- 
wich to  conclude  that  these  sandy  beds  belonged  to  the  Lower  Crag. 
Mr.  Searles  Wood,  to  whom  the  fossils  have  been  submitted^  states 
that,  as  far  as  the  evidence  goes,  be  thinks  they  may  be  referred  to 
the  Upper  Tertiaries,  and  in  all  probability  to  the  Lower  Crag  pe- 
riod ;  the  oecurrence  of  a  Ferula  and  an  Em^rginula  more  espeeiallj 
strengthening  this  view, 

Mr.  Prestwich  assigns  without  any  doubt  this  shelly  ironstone  to 
the  ferruginous  sands  above  referred  to^  and  points  to  the  peculiar 
concentric  arrangement  of  the  contents  of  the  sandpipes  of  the  iocal- 
ity  in  question  as  definitely  indicating  (in  accordance  with  the  ob^ 
servations  he  formerly  published  in  the  Society *s  Journal*)  the 
former  existence  of  horizontal  strata  of— 1.  (lowermost)  loam  with 
flints,— 3.  greenish  sands  with  ironstone-nodules, — 3.  yellow  ^od 
reddish  sands, — superposed  on  the  bare  chalk,  after  the  eocene  beds 
were  for  the  most  part  denuded,  and  before  the  sandpipes  were 
gnned^  into  which  these  overlying  beds  were  here  and  there  let 
#  Vol.  s.  p.  64. 
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down,  an<i  tbereoj  preserved  when  farther  denuding  i^ncifi  re- 
moved the  later  tertiarj  hcds. 

Regarding  then  the  outliera  of  ferriigiiioua  sands  and  safltoniis 
iboTe  referred  to  as  of  the  age  of  the  Lower  Crag,  Mr.  Prcatwidi 
pointed  ont  the  relative  poiiJHoii  of  bedsj  of  simiiar  atructnie,  ob  liw 
Downs  between  Cakis  and  Bouhigne,  and  on  the  top  of  Castle  HHl 
ne^ir  Dunkirk  j  and  of  others  at  Loavain,  and  at  Diest  in  Belgiura, 
mentioned  bj  M.  Dumont  emd  Sir  C,  Lyell,  Tliis  extensive  range  of 
Crag^heds  t«  the  south  of  the  tvpical  Suffolk  area,  and  then  enn- 
siderahle  elevation  above  the  sea,  arc  of  course  to  altera  of  great  in* 
terest,  not  only  ss  pointing  out  the  relative  age  of  some  <if  tbe  dnft*> 
but  espcciallj  as  giving  us  a  still  nearer  date  to  limit  the  deniadatioo 
of  the  Weald,  and  indicating  margmal  sea-beds  now  stretching  fir 
inland,  and  ranging  once  probsibly  over  the  Wealden  nrea^ — possibly 
connected  too  with  the  Carcntan  beds  of  Normandy, 

With  regard  to  the  denodation  of  the  Weald^  Mr.  Prestwlch  lUg* 
gests  tluti  the  antiellnal  axis  of  the  Weald  having  been  somewbt 
raised  during  the  creiaceoua  period,  tvnd  the  lower  tertiaries  partJj 
eonstrneted  from  its  debrk  and  gradnally  distributed  over  its  area,  it 
was  again  denuded  to  a  further  extent  In  the  later  tertiary  period, 
some  island  or  islands  of  tiie  lower  cret-Jiceous  rocks  remaining  ia  its 
area,  froui  which  for  the  most  part  these  sandy  ferruginous  Crag-bed* 
were  derived.  The  great  or  final  elevation  and  denudniion  of  the 
Wealdeu  area  was  necessarily  Hubscquent  to  the  deposition  of  tiiESfl 
pliocene  bedsj  for  their  outhers,  resting  on  au  old  fliot -drift,  occur  on 
the  very  edge  of  the  upraised  chalk-es^j^aoenta  of  the  Weald.  Tli^ 
elevation  being  also  subsequent  in  time  to  the  first  or  Lower  Cmg 
period,  Mr.  Prestwioh  sua;gests,  that  we  have  liere  evidence  of  the 
physical  cause  of  the  distinction  of  the  two  Crag  periods.  The  W 
Cra^  sea  was  open  to  the  south,  and  of  considerable  extent ;  hat  the 
last  Wealden  elevation,  cutting  off  the  southern  portion,  so  slivr^ 
the  hydrographicnl  conditions  of  the  period,  that  a  sea  open  only  to 
the  north  remained,  in  which  the  Eed  or  Upper  Cr^,  with  its  poT' 
tially  boreal  fauna,  was  then  deposited. 

IV.  Extraneous  rossiLs,  pebbles,  &c.  in  the  Chalk.— The 
occurrence  of  pebbles  foreign  to  the  chalk-formation  and  other  tra- 
velled fragments  of  rocks  in  the  Chalk  is "  comparatively  rare,  as 
sfated  at  p.  487  *,  Wt  bo  m\.et^«\.\Sk%  wcl  ^iL.Q,e,^Uon  to  the  rule  iras 
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brought  to  light  last  snmmer,  that  the  following  abstract  of  Mr. 
(rodwin-Austen's  Memoir  on  the  subject,  read  before  the  Geological 
Society,  December  16, 1857,  is  here  placed  before  the  reader. 

The  boulder  which,  together  with  some  associated  fragments  and 
sand, 'formed  the  subject  of  the.  communication,  "On  a  Granitic 
Boulder  out  of  the  Chalk  of  Croydon,  and  on  the  Extraneous  Rock- 
fragments  found  in  the  Chalk,''  by  K  Godwin-Austen,  Esq.,  E.B..S., 
E.G.S.,  was  found  by  the  workmen  in  a  chalk-pit  at  Purley,  about 
two  miles  south  of  Croydon.  Mr.  E.  Simmonds  drew  the  attention  of 
Dr.  Eorbes  Young  to  this  interesting  discovery,  and  the  latter  gen- 
tleman secured  what  remained  of  the  boulder  after  it  had  been  much 
broken  up,  and  presented  it  to  the  Society.  The  largest  remaining 
fragment  is  apparently  one  end  of  an  irregularly  ovjd  well-rounded 
boulder,  originally  about  3  feet  long,  of  a  granitic  rock,  composed  of 
quartz  and  felspar.  The  boulder  was  accompanied  by  some  decom- 
posing fragments  of  a  felspathic  trap-rock,  and  with  a  compact  mass 
of  silicious  sand,  which  Mr.  Grodwin-Austen  carefully  exposed  on 
a  visit  to  the  chalk-pit.  This  collocated  mass  of  rock-fragments  and 
sand  the  author  regarded  as  being  truly  water-worn  beach-material, 
derived  from  some  old  coast-Une  of  crystalline  rocks.  Other  smaller 
specimens  of  crystalline  rocks,  quartzites,  &c.,  have  been  found  in 
the  Chalk  of  the  South-east  of  England.  These  are  all  water-worn : 
some  are  quite  rounded;  and  many  of  thejn  bear  the  remains  of 
attached  shells  and  zoophytes  :  but  they  are  nearly  always  isolated 
in  position,  except  at  Houghton  (Sussex),  where  they  were  met  with 
scattered  over  a  uniform  level 

The  author  proceeded  to  describe  the  conditions  of  the  "  marginal 
sea-belt," — ^where  pebbles  are  found  in  existing  seas,  and  where  also 
certain  molluscs  and  zoophytes  having  habits  of  attachment  occur. 
Erom  such  a  marginal  zone  floating  sea-weed  might  have  borne  the 
majority  of  the  extraneous  pebbles  now  found  in  the  Chalk.  Of  this 
formation,  the  author  observed  that  the  "  White  Chalk  "  ranged  as 
far  north  as  a  line  reaching  from  the  North  of  Ireland  to  Biga,  on 
the  Baltic,  and  extended  in  a  broad  zone  over  North  Germany.  In 
North  Europe  the  conditions  of  the  deposit  were  very  uniform  over 
the  Anglo-Erench  area,  where  800  feet  is  its  average  thickness,  and 
where  it  is  of  deep-water  origin.  Its  fauna,  however,  is  somewhat 
anomalous ;  much  of  it  has  drifted  from  «^\^<c^'«^t  iicsus^  ^ 
sea-bed.    The  littoral  or  marginal  ahm^ea  ol  ^^ft^s$««t « 
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series  lie  towards  the  west ;  that  of  the  Lower  Greensand  is  seen 
in  the  Earringdon  Gravels ;  that  of  the  Gault  in  the  Halden  Sands. 
The  Chalk  proper  filled  up  the  deeper  and  subsiding  sea-bed  at  a 
period  synchronous  with  the  deposition  of  some  of  these  littoral 
beds,  and  at  the  time  of  the  greatest  extension  of  the  area  of  the 
Cretaceous  Ocean,  the  littoral  beds  of  which  are  recognisable  in 
the  South  of  Norway  and  Sweden,  in  Westphalia  and  Ehenish 
Prussia,  &c.,  and  the  area  of  which  probably  may  be  regarded  as 
reaching  from  the  Eocky  Mountains  at  the  head  of  the  Missouri, 
over  Texas,  Florida,  the  eastern  side  of  the  Alleghanies,  the  West 
Indies,  and  a  broad  belt  of  the  Atlantic,  to  North  Africa,  Central 
and  Northern  Europe,  with  bold  extensions  into  Western,  Central, 
and  even  Eastern  Asia.  Central  Europe  then  presented  the  aspect 
of  a  huge  archipelago  from  its  many  extensive  islands,  of  which  one 
of  the  largest  was  an  area  comprising  the  chief  part  of  France, 
the  north-east  of  Britain,  Ireland,  Norway,  Sweden,  Lapland,  and 
what  are  now  the  separating  channels ;  together  with  a  part  of  the 
Atlantic  to  the  west  and  south.  From  the  northern  part  of  the  old 
land-area  the  author  believes  that  the  granitic  boulder  of  Croydon 
was  derived.  And,  as  it  is,  in  his  opinion,  too  massive  to  have 
been  transported  by  floating  trees,  as  Mr.  C.  Darwin  describes  an 
isolated  rock-fragment  to  have  been  conveyed  to  the  coral-islands 
of  the  Keeling  group,  —  or  by  sea- weeds  (the  floating -powers  of 
which  the  author  has  studied  in  the  English  Channel), — Mr.  Godwin- 
Austen  refers  to  an  ice-floe  as  the  agent  by  which  such  a  block 
could  alone  have  been  lifted  from  the  coast  and  conveyed  far  out 
to  sea.  The  possible  occurrence  of  rare  and  isolated  boulders  in 
the  chalk-sea  under  such  conditions  was  analogous,  in  Mr.  Austen's 
opinion,  to  the  occasionally  extended  voyage  of  icebergs  at  the 
present  day  to  the  coast  of  Ireland,  the  Azores,  and  even  to  the 
Madeira  Islands. 

[The  large  portion  and  several  pieces  of  the  granitic  boulder  and 
fragments  of  felspathic  greenstone,  from  Croydon,  presented  by 
Dr.  F.  Young,  are  in  the  Geological  Society's  Museum ;  and  several 
series  of  Pebbles,  &c.  from  the  Chalk,  are  in  the  Collections  of  the 
Rev.  T.  Wiltshire,  F.G.S.,  W.  Cunnington,  Esq.,  F.G.S.,  W.  Harris, 

Esq.,  F.G.S.,  J.  8.Bomi\i«Qk,'Si^\.,^:^^.,'ssid.K.Gatt,  Esq.,  and 

''n  the  Society's  M.\vae\un.'\ 
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mationa  of  most  of  the  acientijic  terms  not  included  in  this  Gloa- 
I  given  in  the  text,  and  may  be  found  by  conmUing  the  Index. 


IS 

:m 

us 
om 

)SED 

mo. . 
»    . . 


ITB.  . 
0THEBIX7M 


lENT 
)DB.. 
E0U8 
iTA.. 

iCEOUS 


headleaa;  moUascous  animals  without  a  head,  as 

the  Ojrster,  &c, 
needle-like,  sharp-pointed. 
air-atones ;  mineral  masses  that  fall  from  the  at- 
mosphere, 
a  family  of  marine  plants, 
water-borne  materials,  especially  river-deposits  of 

recent  formation, 
clayey. 

metallic  base  of  clay. . 
sockets  of  the  teeth. 
shapeless  ;  devoid  of  regular  form. 
almond-like;  cellular  volcanic  rocks,  the  cavities 

of  which  are  filled  with  other  substances, 
branching  and  interlacing, 
joints  of  bones  immoveably  united, 
animals  having  an  extemsu  integument  formed  of 

rings ;  as  the  Worm, 
the  feelers  of  insects. 
/lower-animals,  as  the  Actinia, 
stone-coal,  or  culm, 
an  extinct  animal,  allied  to  the  palseotheria,  found 

in  brown- coal. 
destitute  of  wings  ;  applied  to  a  particular  genus 

of  bird, 
tree-like. 

sandy,  or  composed  of  sand, 
clayey,  or  composed  of  clay, 
animals  without  an  internal  skeleton,  and  having 

jointed  coverings,  as  Insects, 
plants  of  the  reed-tribe, 
shell-less  mollusks,  shaped  like  a  bottle, 
a  fipenus  of  corals. 

a  dark-green  mineral  found  in  many  volcanic  rocks 
pipe-scale  fish. 
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Babttes 
Basalt 


Basin  . 


Batbachian  . 
Belemnite  . 


Bifid  . . 

BiLOBED 

Bitumen 

Bbachial 

Bbacuiopoda 

Bbanchia     . . 

Bbeccia 

Bbtozoa 


heayy-spar  ;  a  mineral  so  called. 

a  lava,  composed  of  augite  and  felspar;  often 
columnar. 

a  series  of  deposits  formed  in  a  depression  of  older 
rocks,  or  bent  up  into  a  basin-like  or  trough- 
shaped  form  by  subsequent  movements. 

animals  analogous  in  structure  to  the  frog ;  as  the 
Salamander. 

(from  belemnonf  a  dart),  fossil  internal  shell  of  an 
extinct  genus  of  cuttle-fish. 

divided  in  two  parts,  or  forked. 

divided  into  two  lobes. 

mineral  pitch  or  tar. 

belonging  to  the  arm. 

molluscous  animals  that  have  arm-like  processes. 

aquatic  organs  of  respiration,  as  gills. 

conglomerate  of  fragments  of  rocks. 

mo88-animah ;  a  group  of  marine  animals,  as  the 
Flustrae. 


Calo-sinteb 

Calcaibe  aBossnsB 
Calcabeous  . . 
Calcium       . .  ' 
Campavulabia 
Cancellated 
Capsule 

Cabbon 

Cabboxate  of  lime 

Cabbonifebous 

Cabneous 

Cabyophyllia 

Caudal 

Centbifugal 

Cephalic 
Cephalopoda 

Cebvical 
Cetacea 
Chalcedony 

Gheljs 
Chslonia 
Ohebt 
Choanitb     . . 

OlBBHI 

Cilia  . . 


deposition  from  thermal  springs  charged  with  car- 

Donate  of  lime, 
a  tertiary  limestone  of  tbe  Paris  basin, 
composed  of  lime, 
metallic  base  of  lime, 
a  bryozoan  with  bell-shaped  cells, 
the  cellular  structure  of  a  bone*, 
a  little  box  or  other  containing  cavity,  a  botanical 

term, 
the  elementary  substance  of  charcoal,  coal,  and  the 

diamond, 
lime  and  carbonic  acid, 
belonging  to  coal. 


I  clove-like  coral. 

belonging  to  the  tail. 

a  force  directed  from  the  centre  to  the  circumfer- 
ence. 

belonging  to  the  head. 

animals  having  the  instruments  of  motion  placed 
around  the  head;  as  the  Cuttle-fish. 

belonging  to  the  neck. 

marine  mammalia,  as  the  Whale,  Porpoise,  &c. 

a  species  of  silex,  named  from  Chalceaon,  a  city  of 
Asia,  near  which  it  is  found  in  great  abundance. 

pincer-claws. 

animals  of  the  turtle  tribe. 

a  silicious  mineral  allied  to  flint  and  clialcedony. 
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ED  .  • 
»      .. 

"ERA.. 
3>AL.. 
PION.. 

E 

CEBATS 


RM    «  . 
KSa    .  . 

raiBOUS 

X)KS.. 


[FOBM 
iTED 
SOUS.. 
ISA     .  . 
T 


JEA    .  . 

3AHIA 

JLTSK 

JS        .. 

J8 

!ROUS 

?OBM 

CKaS  AND  Ct- 

B 

(French)      . , 


PIO     . 
TION 


TION.. 

JS       .  . 
JEDOKOUS 

ns    . . 


club-shaped. 

the  system  of  divisional  planes  in  which  crystals  may 
be  cleaved ;  the  laminated  structure  in  shite-rocks. 

insects  having  wing-cases,  as  Beetles. 

shell-like. 

a  coaUtion  of  separate  particles. 

an  articulating  surface  or  joint. 

applied  to  parallel  strata  lying  upon  each  other. 

peobles  or  waterwom  fragments  cemented  together, 
as  in  Puddingstbne. 

trees  bearing  cones,  as  the  Fir,  Pine,  &c. 

heart-shaped. 

a  coarse  shelly  limestone  of  the  oolite. 

bark-bearine. 

seed-lobes  of  plants. 

a  term  applied  in  Suffolk  to  certain  tertiary  beds 
of  sand  and  shells. 

the  vent  of  a  volcano. 

having  the  form  of  a  crater. 

notched,  or  toothed. 

belonging  to  chalk. 

lily-snaped  animals. 

signifying  the  emergence  of  a  stratum  on  the  sur- 
face. 

in  form  of  a  cross. 

animals  having  an  external  crust  or  skeleton,  as 
the  Crab. 

plants  with  concealed  fructification,  as  Mosses, 
Ferns,  &c. 

presenting  the  structure  of  crystals. 

symmetrical  forms  assumed  by  mineral  substances. 

coppery, 

copper-bearing. 

cup-shaped. 

a  family  of  plants,  including  Zamia  and  Cycas. 

the  ruins  or  detritus  of  rocks  and  strata,  or  the 

fragments  of  shells,  &c. 
parts  which  are  shed,  as  leaves  of  trees ;  botani- 

cally,  having  the  habit  of  shedding, 
alluvial  deposits  formed  at  the  mouths  of  rivers. 
tree-like ;  branched  like  a  tree, 
the  removal  of  strata  by  the  action  of  water,  so  as 

to  expose  the  rocks  lieneath,  as  in  the  Wealden 

of  the  S.E.  of  England, 
belonging  to  the  skin, 
the  act  or  drying, 
disintegrated  materials  of  rocks, 
plants  with  seeds  having  two  lobes. 
a  marsupial  animal,  a\!^e^  to  >i\i%  ^Y^^^ossi. 


978 


OLOSSA.BY. 


Diluvium 
Dip     .. 

DiPTEBA 
DiBCOIDAL 

Dolomite 
Dbuses 


Dyeie  . 


Eabth's  Cbust 
Echinodebmata 


Echinus 
Edentulous  . 

Elytba 

Encrinus 

Entomostbaca 

Eocene 
Ephemebon  . 
Eroded 
Escarpment  . 
Exuvus 

Fault 

Falun 

Fauna 
Felspab 

Felspathic  . 

Ferruginous 

Flora 

Fluviatile  . 

Fluvio-marine 

Foliaceous 

Foraminifeba 

Formation 

Fossilifebous 
fusifobm 

Oastebopoda 

QHLATDfOXJS  . 


deluge;  a  term  employed  to  derignate  ancient  alla- 

▼lal  deposits, 
the  inclination  of  strata, 
insects  haying  two  wings, 
in  the  form  of  a  disk, 
crystalline  magnesian  limestone, 
the  cavities  in  minerals,  lined  with  minnte  crystals ; 

as,  for  example,  drusy-quartz  in  the  hollows  of 

flint-nodules, 
an  intruded  yein  of  melted  matter  into  rents  or 

fissures  of  rocks. 

that  portion  of  the  solid  surface  of  the  earth  which 

is  accessible  to  human  observation, 
animals  haying  a  prickly  external  integument,  as 

the  Starfish,  Sea-IJrchin,  &c. 
sea-urchin. 
toothless ;  animals  haying  no  front  teeth,  as  the 

Armadillo, 
wing-cases  of  insects, 
a  genus  of  lily-shaped  animals, 
a  lai^e  family  of  the  crustaceans,  including  the 

Trilobites,  Cyprides,  &c. 
daton  of  the  recent  period ;  the  early  tertiary  strata, 
the  creature  of  a  day. 
worn  away. 

a  steep  side  of  a  hill  or  mountain-chain, 
sheddmgs  of  animals  and  plants,  or  their  relics. 

interruption  of  the  continuity  of  strata  with  dis- 
placement. 

a  French  term  for  tertiary  strata  analogous  to  the 
Crag. 

the  zoology  of  a  particular  country. 

a  mineral  which  enters  into  the  composition  of 
many  crystalline  rocks. 

belonging  to  or  composed  of  felspar. 

impregnated  with  iron. 

the  botany  of  a  particular  country. 

belonging  to  a  river. 

partly  of  fluviatile,  and  partly  of  marine  origin. 

leaf-like  or  leafy. 

a  division  of  animalcules  having  perforated  shells. 

a  group,  or  series  of  strata,  supposed  to  have  been 
formed  during  one  geological  period. 

fossil-bearing. 

spindle-shaped. 

moW\3;!^%  m^>3ckft\a^QvsLQtlye  organs  on  the  under- 
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08E 

ONIA 

hJE  .  ,  • 

ONACEiB  AND 
AMINEJB  • 

ULES 

N8AND  (upper 
I  lower) . . 

NSTOiniS . . 
IVACKB  .  . 

UM 

DPTKRA   .  . 

BIV0B0U8 

)PTYCHIU8 

AL0N0TU8 

OLOGUE  .  . 

LINE 

RA 

BOZOA      . . 

ENOPTEBA 

DGENE      .  . 

fSBGS 
NA 

ICATED  .. 
NDESCENT 

CTION  . . 
SOBIA  . . 
3TIVOBOU8 
SSATED  .  . 
BTEBBATA 


8TBINE  .  . 
XiLATED 
ILLIFOBM 
NiB 

A 


globe-like. 

a  genus  of  flexible  arborescent  corals. 
atiUs  i  applied  to  birds  having  long  logs  and  feet, 
like  the  Heron. 

the  order  of  plants  comprising  the  grasses, 
little  grains. 

members  of  the  chalk-formation. 

an  ancient  volcanic  rock. 

hard  gritty  rock,  more  or  less  metamorphic. 

coarse  sandstone. 

sulphate  of  lime. 

insects  with  wings  half  homy  and  half  membra- 
neous. 

animals  that  eat  herbs,  as  cattle. 

alltorinkle  fish,  in  allusion  to  the  corrugated  scales. 

smooth-hack;  name  applied  to  a  genus  of  trilo- 
bites,  in  which  the  lobes  are  but  feebly  produced. 

the  analogous  organ  in  different  animals. 

of  a  glassy  or  crystalline  appearance,  or  pellucid. 

freshwater  polype. 

coral-polypes  organized  like  the  Hydra. 

insects  witn  four  membranous  wings. 

rocks  formed  in  the  interior  of  the  earth,  as  Granite. 

floating  masses  of  ice. 

a  lizard  of  the  "West  Indies. 

laid  over  each  other  like  scales  or  tiles. 

applied  to  mineral  masses  in  a  state  of  intense 

fusion, 
the  derivation  of  principles  from  facts, 
microscopic  animals  that  abound  in  infusion^ 
animals  that  live  on  insects,  as  the  Hedgehog, 
dried  up. 
animals  without  a  bony  spine  or  vertebrae,   as 

worms,  lobsters,  &c. 

belonging  to  a  lake. 

formed  of,  or  covered  with,  thin  plates  or  scales. 

shaped  like  a  thin  plate  or  scale. 

thin  plates ;  the  thin  layers  of  which  a  stratum  is 


a  variety  of  volcanic  ashes, 
the  first  stage  of  an  insect, 
melted  mineral  matter  erupted  from  volcanos. 
insects  having  scaly  wings,  as  Moths, 
a  provincial  term,  applied  to  a  group  of  strata  situ- 
ated between  the  new  red  sandstone  and  the  oolite, 
carbonized  wood. 


LlTHOPOMJ     , . 
IjTHOl/XJICAIi 
LlTHOPHTTES 
LiTTOaAI. 

LYC<:fPo£iiA<m« 

MACmtTBA 

Malbopoma  .. 

MAJOtAUA   OH  MaM- 
MIFEBA 

If  AMM  rUt^TED 
MAJiPIBLEa     .  . 

Mat^tle 

^Iarl  

MAlieiUFLALlA 

Matwx, 


MeTAMOBPHIC      OB  i 

Metamorphosed  j 

METAiiaftPlirSH  OR  I 
METAaiORPE10£!l8  j 
HiCA 


MrcACSotja    * . 
Mjocenk 
mcjlawes 
MoLEOuixa   .. 

MOLLGSCA       .  . 
MONAIJS 

Monitor 

MoNOCOTTLEI>ON^OTJ& 
MORAIXE 

MuLTltXKItJLAB 

MO-TIVALVE 

MU&CHEL 


Nacbeous     < 

NutJEOPTKBA 

KoifCLE^ 

^^OHMAIj 

Obsidian 
Occiput 


moUtiAca  which  perforate  stoness  sHcBs^  Sar, 
the  stony  character  of  a  mineral  ma>3. 
stone-pUnU  ;  a  term  applied  to  comK 
hclonpng  to  the  sea^Bhore. 
a  tertian"  depoat  Ln  the  vaJlej  of  the  BMn*, 
the  family  of  dub-moBees* 

hrtff-tmhd  tfruitaoeHSS,  ait  the  Ixthst^r. 
hng-t^)crcuiutn  i  name  of  a  fosail  fish. 

animali  whiuh  f^ve  suck  to  their  TOimg. 

Htndded  with  mammillffi  or  rotmded  protuberaiw^ 

jaws. 

the  mh  body-envelope  of  the  molluBk^, 

a  mixtmre  ol  lime  and  cla^. 

animaU  which  carry  their  young  in  a  poucb, » 

the  Kangaroo* 
itximh;  the  Bub$tance  in  which  a  miaaral  of  i 

fosril  is  imbedded. 
marrow- Hke  ;  a  term  applied  to  the  central  pt" 

m  plants,  and  to  the  matter  of  the  hraia  »ai 

spinal  cord  in  animak. 
altered  rocks,  euch  as  clay-Elate,  quoirtiite.  p^ 

ose  Bchist,  &c.  ^  ^ 

the  change  induced  in  strata  by  being  mbjwt™ 

to  pressnre  and  higb  temperature. 
a  aimplc  mineral,  one  of  the  component  parte  « 

granite, 
containing  ndca. 
middle  tertiary  fieries. 
grinding  teeth, 
microscopic  particles, 
Hoft  animals,  d*^stitnte   of  a   bony  etrn£tQi«i  ^ 

MoBselfl,  Snails  &c. 
the  minutest  infn^soriid  animaJcules. 
a  genua  of  Insardfi  inhii  biting  the  tropics, 
plants  haTimg  eced*  with  but  one  lobe,  o*  ^'^'"v^ 
an  accnmohition  of  debria  formed  in  valleji  ^ 

glaciers, 
many-chambered  ehclb,  as  the  Nantiltis* 
eheUs  composed  of  man?  pieces,  as  the  Ctkit^a. 
aheU-UmeatQite  of  the  'iViafiaic  series. 

pearly, 

insects  haTinfi:  wings  fi  nely  nerred,  aa  the  Drftgon-"r 
a  rounded  mineral  ma^ts,  as  a  chalk- dint* 
natural  or  re^nlar  condition,  . 

,   aYarn^QT'^m^.TGVwvi.^^dEfe.  other  materials  coBe* 


OLOSSABT. 


981 


Oolite 
Opebculum 


Ophidia 
Obnithobhynchub  . 


OSSICULA 

OVATB 

OVIPABOUS 

OnnjEB 

OXIDB 


Pachydebmata 

Paljbontologt 

Pabietes 
Pectinated  . . 
Pedifobm 
Peduncle     . . 
Pelagic  ob  Pelagian 
Pepebino 
Petbolbum  . . 
Pinnate 
Pisolite 
Plexus 
Pliocene 
Plumose 
Polypifeba  . . 
pobphybt    .  . 
pozzuolana .  . 
Pbecifitate 


Pbotozoa 

Pttchodus 

Pumice 

Ptbipobm 

Pybites 

Pybogenous 


QUADBUMANA 
Qul-QUA-VEBSAL 

Quabtz 
Quabtzose   .. 

Batiata 


limestone  compoted  of  aa  aggregation  of  spheroida] 
particles. 

a  lid;  applied  to  the  giU-coTering  in  fishes,  and  the 
plate  that  doses  the  aperture  in  some  univalTe 
shells. 

the  snake  tribe. 

bird-beak ;  a  genns  of  animals  having  the  month 
produced  into  a  beak  like  a  bird. 

small  bones. 

eg^-shaped. 

aimnals  which  bring  forth  egss. 

a  detached  or  isolated  mass  of  strata. 

the  combination  of  oxygen  with  any  metallic  sub- 
stance. 

thick-skinned  animals,  as  the  rhinoceros,  elephant, 

&c. 
the  science  which  treats  of  extinct  animals  and 

vegetables, 
the  walls  of  the  cavities  in  animals, 
toothed  like  a  comb, 
shaped  like  a  foot 
a  stalk  or  support 
belonging  to  aeep  seas, 
a  Yolcanic  conglomerate  or  tuff. 
itone-oU;  mineral-oil. 
shaped  like  a  feather  or  fin. 
pea-stone ;  resembling  peas  agglutinated  together. 
a  bundle  of  vessels. 

the  newer  groups  of  the  tertiary  formation, 
feather  like 
polyp-bearing;  corals, 
an  ancient  igneous  rock. 

a  variety  of  volcanic  ashes  used  for  making  cement. 
tiie  chemical  separation,  and  deposit  in  a  solid 

form,  of  a  substance  hUd  in  solution  by  water. 
first  animals  ;  the  lowest  or  simplest  animals,  such 

as  Sponges,  Foraminifera,  &c. 
wrinkls-tooih  fish, 
light,  spongy,  or  porous  lava, 
pear-shaped. 

sulphide  or  bisulphuret  of  iron. 
fre-bom  ;  igneous,  applied  to  ancient  melted  rocks. 

four-handed;  the  monkey  tribe. 

applied  to  concentric  strata,  that  dip  on  every  side. 

a  mineral  composed  of  pure  flint 

rocks  composed  of  silex  or  flint 


..   oneof  the  lower  Ji'raioniftfsil^iB&i 
including  the  Cotnk^^EiSks&Dr 
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Ramose 
Renifobm     . . 
Reticulated 
rodentia     . . 


Rubble 
ruminantia 

Saubianb 
Saubo-batbachl^ns 

Scaphitb 
Schist 

ScOBLfi 

Sedimentaby 
Seqbeqation 
Septa 
Septabia 

Sebbated  . . 
Sebtulabia  . . 
Shale 

Silex 

Silicon 

SiLICIOUS 

Silicified     . . 

Silt 

Sinteb 

Spat ANGUS  . . 

Spatuose 

Spheboidal  . . 

Spicula 

Squamous 

Stalactite  . . 


Stalagmite 

Stellular 

Sternal 

Sternum 

Stratified 

Stratitm 

Strike 

Stufas 
Syenite 


Tentacula  .. 
Tl'htiary 


branclied. 

kidney-shaped. 

reflembling  net- work. 

gnawers  ;  an  order  of  animals  having  teeth  o! 

peculiar  structure,  by  which  t^^ey  can  gnaw  ho 

as  the  Rat,  Squirrel,  &c. 
beds  of  fragmentary  stone, 
animalfl  that  chew  the  cud,  as  the  Peer,  Ox,  & 

reptiles  of  the  lizard  order. 

extinct  reptiles  that  partook  of  the  characters  I 

of  lizards  and  frogs, 
extinct  genus  of  cephalopods,  of  a  boat-like  foi 
hard  laminated  and  shiyery  rock 
yolcanic  cinders. 

deposited  as  a  sediment  by  water, 
a  chemical  separation  of  mineral  substances 
partitions,  as  in  the  shells  of  the  Nautili, 
mdurated  nodules  of  clay,  having  crevices  fi 

with  spar 
toothed  like  a  saw. 
a  genus  of  arborescent  corals, 
laminated  clay, 
flint. 

the  base  of  flint, 
flinty. 

chanj^cd  into  flint, 
fluviatile  or  marine  mud. 
a  precipitate  from  mineral  springs. 
a  genus  of  sea-urchins, 
sparry,  blade-like. 

oolate,  or  having  the  form  of  a  spheroid, 
pointed  pin-like  particles, 
scaly, 
pendent  masses  of  carbonate  of  lime  or  other 

neral. 
calcareous  concretions  formed  on  the  floor  of  ( 

by  droppinn:s  from  the  roof, 
having  star-like  forms, 
relating  to  the  sternum  or  chest, 
the  breast-bone, 
deposited  in  layers, 
a  layer  of  any  deposit, 
the  direction  or  line  of  bearing  of  strata,  '«li' 

always  at  right  angles  with  the  dip. 
volcanic  vents  emitting  ga^es  and  vapour?. 
a  species  of  granite  in  which  hornblende  suj 

the  place  of  mica. 
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k      . .        . .    shell-fish ;  molluscs. 

. .   hot. 
3      . .        . .   beloi^ng  to  the  chest  or  thorax. 
•B    . .        . .   a  yariety  of  lara  chiefly  composed  of  felspar. 
3KS  . .        • .   ancient  volcanic  rocks ;  the  term  deriyea  from  the 

Swedish,  trappti,  a  stair. 
INE . .        . .   crystalline  tufaceous  limestone. 
D     . .        . .   haying  three  points. 
iTLE  . .        . .   three-flngereo. 
TE    . .        . .   three-loM. 
'EB  . .        . .   an  extinct  family  of  cmstacea,  the  body  diyided 

into  three  lobes. 
i     . .        . .    organ-pipe  coral ;  corals  composed  of  tubes. 
Tuff        . .    a   porous    calcareous    deposit    from    incrusting 

streams ;  and  an  earthy  volcanic  rock. 
TED  . .   top-shaped,  in  form  of  an  inverted  cone. 

•BMABLE     . .    strata  lying  in  a  different  position  to  those  on 

which  they  rest. 
?A    .  .         . .   hoofed  animals. 
E     . .     ...    shell  composed  of  but  one  piece. 

. .        . .   fissures  in  rocks,  filled  np  by  mineral  substances. 
. .   worms. 
RM  . .        . .    worm-shaped. 
ATED         . .    animals  having  an  osseous  spinal  column  of  ver- 

tebrsB.  ^ 
.LATE         . .    arranged  in  whorls. 
k.R    . .        . .    full  of  vesicles  or  cells. 

. .   processes  in  animal  structures,  resembling  the  pile 
of  velvet. 
ATioN        . .    the  f\ision  of  a  substance  into  glass  by  heat. 
)us  . .        . .    bringing  forth  live  young. 

. .  froth-stone ;  peculiar  minerals  found  in  volcanic 

rocks. 
. .    the  study  of  animals. 
;al  . .        . .   relating  to  animals. 

ES   . .         . .    animal-plants,  a  term  applied  to  corals  and  other 
animals  that  resemble  vegetables  in  form. 


3r  2 


CORRIGENDA.— VOL.  I. 

Page  yiii.  lines  3  and  8  from  bottom ;  /or  Holasosauras  read  Hylseosanrus 

—  117,    —  7  /or  Puzzuo  r^w' I*uzzuoU. 

—  146,  /w  LiGN.  23,  read  Lion.  23*. 

—  IdZffor  Lion.  24,  read  Lion.  24*. 

—  158, /or  Lion.  26,  rearf  Lion.  25*. 

—  160,  line  23  from  top ;  for  Mastodon  angnstidens  (narrow  tooth) 

read  Mastodon  Arvernensis  (of  Anvergne). 

—  185,  in  the  note ;  for  Phocene,  read  Pliocene. 

—  206,  in  the  note  'tybr  yivofia  read  ycvofiot. 

—  332,  line  14, /or  Cristallana  read  Cristellaria. 

—  334,  bottom  fine ;  for  Cotallines  read  Corallines. 

—  376,  in  the  note  ;  for  Brown  read  Bronn. 

—  405,  in  the  note  ;  before  composed  read  partly. 

—  429,  line  11  from  top ;  for  spme  read  jomt. 

—  433,  in  the  note;  for  1841  read  1839—1841. 

—  440,  line  23  from  top  ;  for  tooth-ivory  read  ivory. 

pi.  vi.,  opposite  p.  480, /or  4 J  inches  read  4^  feet. 


YOL.  II. 

Page  486,  line   11  from  bottom  ;  dele  the  asterisk. 

— in  the  note  ;  for  Eev.  C.  Fisher  read  Eev.  0.  Fisher. 

—  487,  in  the  note ;  for  Henry  Carr,  Esq.,  read  Henry  Catt,  Esq. 

—  494,  line  12  from  top  ;  for  Himalay  as  read  Himalayas. 

—  774,  in  the  note  ;  for  were  read  are  to  be. 

—  873,  in  the  note ;  for  Lurullo  read  Jurullo. 

—  906,  line  5  from  bottom,  and  p.  909  in  the  note  ;  for  Beauerel  read 

Becquerel. 


DIRECTIONS  TO  THE  BINDER. 

•<^*  The  Engraving  of  the  Country  of  the  Ignanodon  is  to  front  the 
Title-Page  of  Vol.  I. 

The  Geological  Map  of  England,  Plate  I.  to  be  placed  opposite  to 
p.  474,  Vol.  1. 

Plates  II.  III.  and  IV.  to  face  their  respective  descriptions  in  Vol.  I. ; 
Plates  V.  and  VI.  to  be  placed  at  the  end  of  Vol.  II.,  opposite  to  p.  9S5 
ftnd  p.  986. 


DESCRIPTION  OF   PLATE  V. 


Limra  Z00PHTTE8  AND  DRY0Z0AN8;     LECTURE  VI. 


*^*  *"•  Strtuhria  aetaeea ;  a  branch  with  three  polypes  expanded ;  higlily 
magnified ;  p.  620. 

^*  Campanularia  gelatinoaa  i  a  branch  highly  ma^niilod ;  some  of  the 
polypes  are  protruded,  and  others  within  their  celk ;  p.  621. 

^*  Oorgonia  patula ;  magnified  view  of  a  branch,  with  six  polypes  ex- 
panded; p.  628. 

4  The  coral  of  Caryophyllia  fasoiculata ;  p.  624. 

6.  Fluitra  piloaay  encircling  a  piece  of  fucus;  natural  size  ;  p.  606. 

6.  A  single  cell  of  Flustra  pilota^  with  the  polype  protruding  its  ten- 

taenia;  p.  613. 

7.  A  single  cell  of  a  Flustra,  with  the  included  pol}'pc ;  p.  613. 

8.  A  small  portion  of  a  Flufltra  magnified,  to  show  the  form  and  ar- 

rangement of  the  cells ;  p.  612. 

9.  CoraUium  rubrumf  or  rod  coral ;  a  branch  with  its  firshy  inyest- 

ment,  and  several  polype's  in  difi'erent  states  of  expansion,  as 
they  appear  when  alive  in  the  sea ;  p.  630. 

10.  Aleyonium  gelatinosum ;  a  portion  highly  magnified ;  some  of  the 
polypes  are  expanded,  and  others  in  various  states  of  contrac- 
tion. The  substance  so  commonly  attached  to  shells  and  stones 
on  onr  sea-coasts,  and  known  by  the  name  of  Dead-men* 8  Jingera^ 
is  a  compound  zoophyte  of  this  kind,  and  is  termed  Alcyonium 
digitatum.     (See  Dr.  Johnston's  liritish  Zoophytes,  pi.  26.) 

U.  Pocillopora  cerulea,  from  the  Indian  seas ;  drawn  when  alive  in 
the  water ;  p.  624. 


DESCRIPTION  OF   PLATE  VI. 


LIVINO  zoophytes;    LECTURE  VL 


Fig.  1.  PavorUa  lactuea;  a  group  of  four  cells,  each  cell  containing  & 
beautiful  green  polype  ;  from  the  shores  of  the  South  Seals- 
lands;  p.  626. 

2.  Branch  of  Gorgonioy  from  the  West  Indies ;  p.  628. 

3.  Branch  of  a  Gorgoniay  from  the  Mediterranean ;  p.  628. 

4.  A  polype  of  Tiibipora  rubeola^  protruded  from  its  tube;  p.  2S1* 

5.  Mcidrepora plawtaginea,  with  the  polypes  expanded;  p.  626. 

6.  The  disk  of  the  polype  represented  in  Jig,  4,  when  frdly  expaadfld* 

7.  Three  connected  tubes  of  Sarcinula  musicalis,  magnified,  to  show 

the  internal  structure ;  p.  619. 

8.  Turbinolia  rttbra,  with  the  body  of  the  zoophyte,  as  seen  alive; 

p.  622. 

9.  Sarcifiula  musicalis,  or  organ-pipe  coral ;  from  the  shores  of  New 

South  Wales,  as  it  appears  in  the  water,  with  its  beautiful  green 
polypes  protruded  ;  p.  631. 

10.  A  single  detached  polype  of  Astraa  viridis^  highly  maguified; 

p.  626. 

11.  A  group  of  living  Actinice^  or  Sea  animal-flowers;  p.  622. 

12.  A  polype  of  a  Tubipore  expanded;  highly  magnified;  p.  631. 

13.  Astr(Ba  viridis,  represented  as  alive  in  the  sea;  some  of  the  po- 

lypes are  expanded,  and  others  contracted ;  p.  626. 

14.  Turbinolia  rttbray  with  the  tentacula  of  the  zoophyte  expanded- 

p.  623. 

15.  Fungia  actiniformis,  from  the  South  Pacific  Ocean,  as  seen  alive, 

and  the  polypes  in  activity  ;  one-tenth  the  natural  size ;  p.  625- 
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Abberley  Hills,  819, 
895. 

Acephala,  212. 

Acroculia,     Silurian, 
826. 

Acrodus,  424. 

Acrognathus     boops, 
360,365. 

Acrosaunis  of  South 
Africa,  555. 

Actinia,  recent,  622. 

Actinocrinites,  663. 

Actinocrinus,  824. 

Actinoidea,  602,  621. 

Action  of  thermal  wa- 
ters, 887. 

Adriatic,  bed  of  the, 
69. 

Aerolite  from  Nanje- 
noy,  49. 

Aerolites,  49;  collec- 
tion of,  in  the  British 
Museum,  52;  origin 
of,  50. 

African  elephant,  143. 

Agassiz,  Prof.  L.,  on 
Fossil  Fishes,  254, 
352,  482,  794;  on 
Glaciers,  72 ;  on  the 
Connecticut  foot- 
prints, 927. 

Age  of  Reptiles,  484, 
586,  940. 

AireValley,  nearLeeds, 
185. 

Aix'  en  -  Provence, 


fresh-water  forma- 
tion of,  265;  ter- 
tiary fishes  of,  255, 
265;  tertiary  fossils 
of,  264. 

Aix  -  la  -  Chapelle,  re- 
mains of  land-plants 
in  Cretaceous  forma- 
tion at,  201,329. 

Alabaster,  543. 

Albertite,  718. 

Alcyonaria,  602. 

Alcyonarian  zoophytes, 
628. 

Alcyonium,  602. 

Alder,  Mr.  J.,  on  Zoo- 
phytes, 613. 

Alethopteris  elegans, 
407.     ' 

Allan,  Mr.  R.,  on  the 
Geysers,  96. 

Alleghany  Mountains, 
323,  706,  821. 

Alligator  Hantonien- 
sis,  from  Hordwell, 
256. 

Allman,Prof.,  on  fresh- 
water Bryozoa,  603. 

Allnutt,  Miss  Jane, 
drawing  of  the  White 
Rock  at  Hastings  by, 
379. 

Alteration  of  rocks, 
914. 

Alluvial  depoa\ls»  ^^, 
57. 


Alluvial  deposits  in  the 
Pampas,  165. 

Alum  Bay,  Isle  of 
Wight,  239  ;  marine 
Eocene  shells  at, 
247 ;  section  of,  242 ; 
seed-vessels,  &c.,  in 
Eocene  strata  at, 
245 ;  sketch  of, 
239. 

Alumina,  subsulphate 
of,  240. 

Alveolites,  Carbonifer- 
ous, 762 ;  Silurian, 
824. 

Amber-pines,  forests 
of,  tertiary,  245. 

Amber,  tertiary,  245. 

Amblypterus  of  the 
Coal,  769. 

Amblyrhyncus,  956.     . 

America,  Carbonifer- 
ous rocks  of,  705 ; 
Cretaceous  strata  in, 
322 ;  Devonian  rocks 
of,  789  ;  Prof.  Silli- 
man  on  the  Geology 
of,  10 ;  Silurian  rocks 
of,  819. 

Amia  Lewesiensis,358. 

Ammonite  or  Comu- 
ammonis,  344. 

Ammonites  Mantelli, 
340  ;  of  the*  Oolite^ 
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AmmiUiiiia  •tpxeim% 

AmUmot  not  Identity, 

▲nilyiii.  9i  peat-coal, 

AnalyiM  «r  co^l  720. 
AnaaBinrtit    {>ratu»j 

das. 

ABdM^  Biitiik  mmm 
InittlAtNoiASlolDflb 
61 

Ancient  worid,  987. 


S47. 
Aaq^MSflnMi 

nknn%D'0ll^8l«. 
AndM^tllwadMiaijr 

•teto  of  tf%  Wfs 

Mr.  OyuteDinriB 

»808. 


822. 

AnimalciilM  in  flint, 
309. 

Animalculites  or  Mi- 
crozoa  of  the  Chalk, 
331. 

Animal  forms,  diver- 
sity of,  599. 

Animal  nature  of  Zoo- 
phytes, 603. 

Ammal  remains,  rocks 
composed  of,  932. 

Animals,  extinction  of, 
123;  extirpated  by 
human  agency,  125. 

Animals  and  plants, 
geographical  distri- 
bution of^  33. 

Anoplotheria,  261, 262. 

Anoplotherium  com- 
mune, 259,  261 ; 
gracile,  259. 

Ansted,  Prof.,  on  the 
Coal-fields,  676 ;  on 
Mineral-veins,  907. 

Anthozoa,  or  corals, 
6C0. 

Anthracite,  721,  Tl^\ 


of    Pennaylvanift, 
706,  716. 

Anthr&cothenum,  262, 

Aniibeii^  Oi^&oas  brec- 
cia u,  ISiy. 

Antiparos,  grotto  of, 78. 

Antrim,  Irdiintit  chalk 


9Sk 
AiUMmiiKK  ^  ttfisf 

iMid,127* 
Aqo0OM  afencgr,  65$ 

vapoim^  849. 
AfinoMJia  (V  If Qnoflc 

548»  mT^Mfidm. 

40S. 
AxdMMcidarit,    On>> 

bonii«nHiB»  762. 
Ardueonisciu  of  the 

Purbeck,  418. 
Archegosaurus  of  the 

Coal,  771. 
Archiac,  M.  le  Vicomte 

d',  referred  to,  301, 

306, 376,  788. 
Arsenic,  849,  907. 
Artesian  well  at  Gre- 

neUe,near  Paris,?3d. 
Artesian   wells,    236; 

in  Russia,  322 ;  near 

London,  237. 
Articulated    structure 

of  rocks,  890. 
Artificial    solution    of 

sUex,  99. 
Artificial     vegetable 

petrifactions,  729. 
Ascension,  fossil  turtles 

of  the  Isle  of,  89. 
Ashbumham     strata, 

380. 
Asiatic  elephant,  143. 
Asplenium     scolopen- 


Aateridiit,  ilie  Rev.  W. 

Ssmithon,  311,  313^     . 
Aatoroidem  33S,  461 
AsuerophyUiie,  735, 
AHt^rqphylHtea*  733. 
Aatrnya^  625. 
Ai^triBidiE  of  tbeOoIJU^ 

498. 


ofGMlofjrtrilk,^ 
JutnriMbmlefOib 

706. 
AdMKMdbtdibSn. 
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Anriftraiw    Mm, 
dll. 

AnrtA,  Mr.  ILGoi- 
winyalMdofmnM 
thalls  at  SvHHfli 
discovered  by,  414; 
on  a  boulder  of  gn- 
niteintheChAlk,973; 
on  the  extent  of  the 
Wealden  depotitt. 
388,  488;  on  the 
Farringdon  district, 
387;  on  the  Ctf* 
boniferous  and  De- 
vonian rocks,  784, 
785. 

Austen,  Rev.  Mr-t 
Guide  to  the  Geo- 
logy of  Purbeck  by, 
referred  to,  394. 

Austin,  Mr.,  on  On- 
noids,  658. 

Australia,  fauna  and 
flora  of;  511,  939J 
osseous  breeds  o** 
189. 

Auvergne,  extinct  ▼jl- 
canoe  of,  272,479; 
fresh-water  stitU  of. 
^77;     geology   ^ 


^ 

P           rifDiix, 

^^^^^^89^ 

9;  incTusilng 

Batdoti    Hill,    syenite 

Beedlng  Levels,  64. 

at,  278 ;  la- 

of,  S02. 

Beekttes,  792. 

fliooe^tpiieof, 

Barnstaple  or  PHlicr- 

Beinert'a,     Dr.,    coal- 

poJffiODtobgy 

wia  group,  7B5. 

eection  in  garden  at 

« 

Barrande,  M.  J„  on  the 

Charlottenbrunn,6"L 

i^todon     ele- 

Silurian  basin  of  Bci- 

Bdeher,  Sir  E.,  refer- 

d^      from, 

hemia,  819;  on  Silu- 

red to,  70S. 

rian  fossils,  &27. 

Belennmellai     mucnj* 

Barrier-reefs,  G40. 

nata,  3^17  ;  quad  rata, 

B. 

Barton  Cliff,  212;  ma- 

473. 

finfl  eocene  shells  at. 

Belcmnites,  described. 

Mr,  C,   <>n 

247, 

347  ;  dilattttua,  347  j 

of  growth  tn 

Barytes,  90S. 

minimus,  340. 

•e^B,  Hi;  cm 

Baryt-spur*  90S. 

Belemnoteuthis  of  the 

of  chiJigeg  of 

Basalt,  849,  880,  887, 

Oolite,  500. 

109;    on  the 

Batrachkn     reptiles. 

Bellerophon,   carboni- 

1   of  Scrap i$. 

552. 

ferouii,    763 ;     Silu- 

>9. 

Balraehians,  584. 

rian,  826. 

lr*»colle€tian, 

Bay  of  Baifp,  108. 

Bell,   Dr.  T.,  referred 

Bay  of  Naples,  IIL 

to,  574  i  on  Ambiy- 

joid,  quoted, 

Beach     conglomerate, 

rhyncus,  957. 

82, 

Bengal  tiger,  ikull  of, 

,346. 

Bean,  Mr.,  referred  to. 

139. 

saudd     and 

SOL 

Ben   Nevis,    structure 

234. 

Bears  of  the  caFerna, 

of,  923. 

y  of,  108, 961. 

fossil,  ]73. 

Bensted,   Mr.  W.  H-, 

rofuou  Groea- 

Beckles,Mr.S.  II.,  dis- 

discovery of  remains 

U4;  OD  fossil 

co  very  of  fossil  mam- 

of an  Igiianodon  at 

ia  in  tuff,  861 ; 

mals     at     Purbeck, 

Maidstone  by^  442  ; 

;Etable  atnic- 

394,  587;  discovery 

fossil    turtle    found 

n    antliracite. 

of  the  bones  of  the 

by,  368. 

m  fossil  infn- 

foot  of  an  Ig^ianodon 

Berger,  Dr.,  on  Antrim, 

;  Rklimatidin 

in  the  Isle  of  Wight 

895. 

A,  286. 

hy,  384 1  Mftcropoma 

Bergman,  M.,   on  the 

T,,  on  Esthe- 

obtfl.ined    from     the 

solubility  of   ailex, 

0, 

Purbeck     beds    by, 

731, 

I,  Mr.,  on  tlie 

359^    on   the   trifid 

Bermudas,    T^ecenl               . 

1  of  the  moon, 

foot-marks     in    the 

Hmeslone  of  the,  83.    ^H 

on     pUi  tonic 

Wealden  beds,  384; 

Berry-boned  fish,  De-    ^^M 

leaLa,  921  j  on 

on  the  Hastiiij^s  cliffs, 

vonian,  796.                  ^ 

la 

378;  relics  of  Meg^alo- 

Berys  mid  other  fishes 

,       Wealden 

sauruH  obtained  by, 

of  the  Chalk.  359. 

of,  374. 

m. 

Beryx    LewcBiensia, 

Prof.,  referred 

Becquerel,  M.,  on  arti- 

364; radians.  363. 

I 

ficial  crystals,    &0S  ; 

BeyrichtHj     Silurian, 

Sown  to  DutI- 

on    mineral     veins. 

828. 

Haad,  iectioa 

903. 

Bignor  Park,  Susses, 

193. 

Bed   of  the   Adriatic, 

fucoid      in     chalk- 

CaTo,  m  tlie 

69;    of  the  British 

marl  from,  328, 

p   Hills,  osse- 

Channel,  69  j  of  the 

B 1  g-hono  -L  ick  in  Ken  - 

niCDUi  oj;  182. 

oceans  69. 

a  t 

u 

lu\i!Vt^,    x^\t\^\na.    «aV 
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gigftntio  qvftdriipadi 

t,  157. 
Binby,  Dr.,   on  the 

Enmtia    of   North 

America,  819. 
Binfield,  Momh.,  die- 

ooTOjry  of  WeaUen 

insecte  by»  523. 
Biimey,  Mr.  E.  W.,  on 

ASroUtef,    52;    on 

Permien    rocks    of 

ScoUend,  555;    on 

the  Pemuea  rodke» 

56a. 
Binsteed,    freeh-irat«r 

tertiery    ehelle    at, 

249. 
Birds-eye     Umestoiie 

of  Ameriea,  821. 
Birds,  different  forms 

of  feet  of;  146. 
Birds,  foss'd,  257,  452, 

520,  534. 
Bischof;  Prod,  on  the 

origin  of  rocks,  883. 
Bison  prisons,  133. 
Bitumen,  722,  723. 
Bitumenite,  718. 
Blaiaville,  M.,  on  Zoo- 
phytes, 603. 
Blankenburg,      plants 

from  Chalk-strata  at, 

329 
Blende,  900,  908. 
Blomfield,  Dr.  Charles 

James,  quoted,  29. 
Blue-John  of  Derby- 
shire, 696. 
Boghead-coal,  718. 
Bognor,  mariae  eocene 

shells  at,  247,  249. 
Bognor  rocks,  241. 
Bohemia,  plants  from 

Chalk-strata  of  329; 

Silurian    rocks    of, 

819. 
Boiling  springs,  97. 
Bolney,     in     Sussex, 

oxide  of  iron  near, 

S3. 


Bdoey  QQanlesbd82. 
Bondinroh,    Isle     of 

Wight,     OathnuiA 

from,  328. 
Bone-oeTems  in  Enc- 

knd,179. 
Bo«H«oglomer.t^ 

Booe-bed  of  theLlM, 
523,561. 

Bone^  microsoopioal 
eauimlnation  0^453; 
diseased,  of  camiro- 
n,  jBMmd  in  eeTemsb 
184. 

Boon,  geology  of,  282^ 

Bony-eoale  fish,  De- 
Tonlan,  797* 

Boron,  849, 

Bos  longifirons,  188^ 
134;  prfanigenlosb 
138. 

Boeqnet,  M.,  on  the 
Gretaoeons  end  Ter- 
tiary Entomostraoa, 
350;  on  the  Ento- 
mostraca  of  the 
Wealden,  418. 

Botanical  epochs,  776. 

Bottom-rocks,  823. 

Bou6,  M.,  on  the  salt- 
mines of  Galicia, 
289. 

Boughton  Malherbe, 
near  Maidstone,  jaw 
and  bones  of  a  hyena 
in  a  fissure  in  Kent- 
ish Rag  at,  182. 

Boulder  near  Mount 
Sinai,  218. 

Boulder  of  granite  in 
the  Chalk,  973. 

Boulders,  erratic,  214. 

Bourgueticrinus      of 
the  Chalk,  663. 

Bournemouth,  plant- 
remains  in  Eocene 
strata  at,  245. 

Bovey  Tracey  in  De- 
"voTVftVivce,      tertiary 


DowwiMnik,  ICr*  J*  8., 
his  oolleetioo  of  fos- 
■lls,684;  on  the  origin 
of  flinty  307,  730; 
on  the  fossil  fimits 

,  of  the  London  day, 
S38;  mioroseopical 
ezsminstion  ofbonss 
of  birds  and  leptilss 
•  r,45a;( 


Braohiopods,  60L 
BraoUesluunBay^Ml 

marine  eooene  sfasU 

tt.  947; 


ofOUmmnddfidii 

955. 

BiadfiNrd  0^,503. 
Bndn-eond,  926. 
Bmidt,  H..  on  Phjfag       i 

son,60a 
B^Hesd, 

-BniAsiipt,  PioCt 
on  tlie   V 
of  minenus,  909. 

Briokenden,  CapL  ] —  ^- 
discoTery  of  jaw  c=Ji 
Iguanodon  by,  440^^^ 

Brighton  and  Londo^^*" 
Railway    section, 
373. 

Brighton  Cliffs,  113^^» 
coast,  mutations  o-  ^* 
460 ;  geological  ph^^^* 
nomena  betwee^^"  'J 
London  and,  372  '» 
raised  sea-beach  a-  "^ 
112. 

Bristowe,  Mr.,  on  U^  ^ 
strata  at  Alum-Ba^^*^' 
239.  . 

British  Channel,  bed  c:::^^^* 
the.  69. 

Brodie,  the  Rer.  P.  B^^^ 
on  fossil  insects,  40c::==:^^ 
419,  422,  523,  529  _; 
discovery  of  Entomo^^^' 
straca  near  Dinton^^* 
419;  Leptolepis  dlj— "^ 
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fish-remains  in   the 
Keuper,    551  ;    on 
Purbeck    insects, 
387. 

Brodie,  Mr.  W.,  and 
Mr.  S.  Beckles,  dis- 
covery of  remains  of 
reptiles  and  mam- 
mals in  the  Purbeck 
beds,  by,  394. 

Bromley,  shell-conglo- 
merate at,  231. 

Bromsgrove,  Bunter- 
sandstone  of,  551. 

Brongniart,  Adolphe, 
on  the  plant-remains 
at  Hoer,  387 ;  on 
fossil  plants,  548, 
710,  737,  739,  743. 

Bronn's  Lethsea  Geog- 
nostica,  referred  to, 
256,  740. 

Brook  Pointffossil  trees 
of  the  Wealden  at, 
390. 

Brook  Point  to  Shal- 
comb  Down,  section 
from,  389. 

Brown-coal,  at  Wool- 
wich in  Kent,  CJorfe 
in  Dorset,  Bovey 
Tracey  in  Devon- 
shire, and  in  France, 
the  Netherlands, 
Germany,  &c.,  245 ; 
of  the  Rhine,  283. 

Brown,  Dr.  S.,  on  Si- 
lex,  727. 

Bryozoa,600,601,611; 
in  chalk,  329,  331 ; 
Carboniferous,  762; 
Silurian,  824;  re- 
marks on  the  no- 
menclature of  the, 
600. 

Bryson,  Mr.,  on  dia- 
tomaceae  in  slate- 
rocks,  918,  953. 

Bubalus      moschatus, 

133. 
Bucklund,    Rev.  Dr,, 


on  Mammalian  re- 
mains, 136;  on  the 
Kirkdale  Cave,  180; 
on  theMegalosaurus, 
435,506;onTriassic 
footprints,  557;  on 
the  materials  of  the 
Wealden  beds,  487 ; 
on  the  moUuskite  in 
Ammonites,  345 ;  on 
Artesian  wells,  236  ; 
on  crystals  of  lime, 
196. 

Bugula  flabellata,  618. 

Bulimus  conicus,  248. 

Bunsen,  Prof.,  on  the 
Geysers,  96. 

Bunter-sandstone,  551. 

Burdie-House  lime- 
stone, 709. 

Burmeister,  Prof.,  on 
the  Labyrinthodonts, 
552. 

Busk,  Dr.,  on  Bryo- 
zoa,  600. 

Byron,  Lord,  quoted, 
121 


Cader  Idris,  strata  of, 

818. 
Calamites,  549,  737. 
Calboume,  fresh-water 

tertiary    shells     at, 

249. 
Calciferous    sandstone 

of  America,  821. 
Calcott,  Lady,  on  the 

elevation  of  the  coast 

at  Valparaiso,  111. 
Calc-spar,     74,     195, 

908. 
Caledonian  Valley,  921 . 
Calymene      Blumen- 

bachii,  830. 
Cambrian     formation, 

205,  804. 
Campanulariae,  621. 
Cancer    maxcioc\ic\\]A 

from  Ma\l8L,  '2.^4. 
3  8  '2 


Candia,  changes  of  le- 
vel in,  961. 

Canoe,  ancient  British, 
in  silt  at  North 
Stoke,  64. 

Canterbury  Cathedral, 
polished  columns  of 
Purbeck     marble, 
416. 

Carbonate  of  lime,  74, 
195,  908. 

Carbonic  acid  gas,  de- 
struction of  rocks 
by,  79 ;  in  Caves,  80. 

Carboniferous  forma- 
tion, 204. 

Carboniferous  or 
Mountain  Lime- 
stone, 693 ;  of  An- 
glesea,  904 ;  period, 
925  ;  rocks  of  De- 
vonshire, 696  ;  se- 
ries, 670,  672;  se- 
ries of  North  Ameri- 
ca, 705;  slate  of 
Ireland,  673;  trees 
and  plants,  752. 

Carburetted  hydrogen, 
722. 

Carcharias  megalodon, 
225. 

Carcharodon,  teeth  of, 
in  Crag,  255. 

Camivora  (fossil)  in 
caverns,  175;  Osteo- 
logy of,  139. 

Carpolites       Mantelli, 
Brong.,    412; 
Smithiae,  fromChalk 
in  Kent,  329. 

Carrara  marble,  895. 

Carved-scale  fish,  De- 
Tonian,  797. 

Caryocystites,  825. 

Caryophyllia,  623. 

Cashmere,  buried  tem- 
ple in,  961. 

Castle  Hill,  Newhaven, 
115,  238,  240. 


CaU,  Mr.  Henry,  re- 
ferred to,  4H?. 

Cautley,  Col.  Sir  Pio 
by  J\i  on  tht!  fofisil 

(Zoology  of  the  Se- 

'     NoHh  ot  India,  163. 
Cave  of  Gftyleiireiith, 

in  GerinEinVj  176. 
CaTprn    of   BauweH^ 

183. 
Caverns,      77 ;      foH^H 

camivora   in,     17&; 

in  Kni^hind,  466  ;  of 
I   the    Brazils,     179; 

osajfertfus,  174, 
C&vcfi,   earbonie    acid 

gtis  in,  BO. 
Ceciliadse,  553* 
Cells    and    tiell-stme- 

ture,  (iUS. 
Cekins  quoted,  1 16. 
CellnJosre.  tJU9. 
Cephftlopoda,  Caxboni- 

ferouSj   763;    Creta- 

nian,  792;  Jurassic, 

528;    SiluriaD,  826. 
Cephalaspis,  Devonian, 

794;  SiluTito,  832. 
Ceratiocaris,   Silurian^ 

827. 
Cerithium    gigantdlim, 

249  ;      lamellosnm, 

247;  of  the  Oolite, 

499. 
Cestracion,    or     Port 

Jackson  shark,  355. 
Oestracionts,  770. 
Cetaceans  in  Cretace- 
ous formation,  325. 
Cetiosauri  of  the  Oolite, 

497. 
Cetiosaurus   of    th« 

Wealden,  427. 
Cette,  osseous  breccia 

at,  188. 
Chain-coral,  6&1,  820; 

824. 
€haicedony,  8»6. 
Chaidni  on  aerolites ,5*2. 


Chalk,  imimalf^uUtPS  of 
ihe,  321  -,  at  Beat^by 
Head,  302;  hotild*jr 
of  granite  iii  thc^ 
973 ;  biyoaioA  of, 
329 ;  cephalopodA  ui', 
342 ;  chdoniuii  rep- 
tiles in*  367;  torn* 
portion  of,  301 ; 
orinoidea  of,  336  { 
crusrtnceana  ofj  34S  ; 
echinites  and  spines 
from,  3^iH ;  tinhea  of, 
359;  fopnminifera  of, 
3t>5;  formation  of, 
3Utl;  foasUs  of,  310^ 
fossil  spongf^  m,329; 
in  Antrim,  Ireland, 
302,  894  J  marine 
flora  of,  327  ;  meta- 
morphosed, 895;  nu- 
t^eolites  from,  ^538 ; 
of  Dover  Cliffs  and 
Sonth  of  England, 
:W2;  reptiles  of  I  he, 
366;Ro**a!inEeofihe, 
332;  shells  of  the, 
340;  star-fishes  of 
the,  337;  teeth  of 
sharks  in,  354 ;  with 
flints,  301;  Zoology 
of  the,  481;  zoo- 
phytes of,  320. 

Chalk^detritus,  at  Cha- 
ring, 335;  method 
of  procuring  and 
cleansing  the  fossils 
of  the,  336. 

Chalk-downs,  303. 

Chalk-dust,    highly 
magnified,  305. 

Ohalk-formalion,  201 ; 
at  Pondicherry 
(Southern  India^, 
d02 ;  geographical 
extent  of,  302 ;  mid- 
dle and  lower  groups 
of,  314 ;  org&nic  re- 
mains of,  323 ;  sub- 
dma\OTi«of^30L 


analysis  of,  by  Mr. 

Gladstone,  314. 
Chalk  -B  trutji,    t  f riicsl, 

at    Handfast   Pointn 

395. 
Chalybeate  hill  BtHofe, 

241. 
Ch  anises  of  i  e  Tel ,  rausiift 

of,  109, 
Chflra,  407  ;  seed-m- 

aels    of,  from  Ais, 

2tj7. 
Characters  of  succh- 

sive     fosail     fRunifr 

92Ht ;      fossil  ilorr, 

ib. 
Charing,  ehaik-detruu* 

at,  3:^5. 
Chaileaworth,  Mr.  E^p 

on  the  Leiodunt^J 

on  the  Crag.  W*^ 
Charnwood    Koi 

902. 
Chazy     Ume^totie 

America,  821* 
ChF'es^e-^vrtTig  of  CiiffH- 

waU,  901. 
CheiracanthuB,  7^7. 
Cheiiolepis,  797. 
Cheirotherian  reptiles, 

771. 
Cheirothehura,  556. 
Chelone    Bellii,  42/; 

Ben8tedi,firom  chalk, 

368;   costata,  427; 

Mantelli,  427. 
Chelonian    foot-tndci 

in  the  Devoman,570, 

574,    797;    in  thfe 

millstone-grit,  693; 

in  the  Permian,  5&5, 

575. 
Chelonian  reptile8,573; 

in  chalk,  367;  in  the 

Wealden,  427. 
Cheltenham     wateis^ 

544. 
Chemical  agencies,  ei' 

fecteof,931;  changes* 

877. 
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i«d  eolumnd  of 

kTntlan  of  the 
of,  UL 
coa^t,  Mrs.  So- 
il [q  on  the  ele- 
u  ai  the,  112. 
u,  355, 

n>td  hih,  from 
klesharo,    255 ; 
chalk,  356. 
tazo,  height  of, 

tg  Castltij  n^At 
.xd,  241. 
diEinp^  t»9S. 

litd   in   Russia, 

♦otumvis,  262. 
lamp,  72L 
lies  Bignorien- 

logical  arrange- 
of  the  &Lrata» 

logy  of  mo^m- 
^taa,9I8,9l9, 
9s,     Jurassic, 

from  Ihe  Chalk, 
of  ihe  Oolite, 

)5, 

mchmta^or  Bry- 

600, 
Ion,  553. 

Rev,   W.  B., 
!ed  to,  708. 
^alion  of  hshesi 
352;  of  forma- 

200;  of  plants, 

of  Blraia,  37; 
ie    Tertiary, 

of  Carbonifer- 
rocksj  674 ;  of 
slants,  735;  of 
tan  and  Cam- 
Blrata»  801 ; 
}0    Cretuceoiis 


rocks,  301  i  of  tlie 
DevunLin  rocki>,783, 
785,  7fe7;  oi'  the 
Jurasiiic  rock%  490 ; 
of  Lhe  Purniiim 
rocks,  33(],  5{J2;  of 
the  Tertiary  rockss 
21&;  of  iheTriaa^ic 
roeka,  53  U. 

Clathrtuia,  a  petiole  of, 
411  ;  from  Bon- 
church,  3'2&;  Lyellii, 
408.^11. 

Claws  of  a  fossil  Her- 
mit-crab from  Maea- 
iricht,  350. 

Clrty-heda  of  Kim- 
mend  ge,  497. 

Clay-slate,  897. 

Clent  Hilla,  structure 
of  the,  Hll. 

Clermont,  view  of  the 
environs  oi\  desciib- 
ed,  274. 

Clitts,  of  St.  Calogeto, 
8-lb;  at  S  trail  haird, 
897. 

Climate  of  the  Palieo- 
Koic  ages,  772. 

CI  Imate  and  sea^otig 
ixidicatcd  by  fu^isil 
wood,  713. 

Clinkstone,  888. 

Clinton  rocks,  821. 

CI  ions,  Silurian,  823. 

Clymenien-Kalk,  785. 

Coal,  912  ;  m  peat- 
bogs, 66 ;  in  T  e  r  Liaty , 
265  ;  in  Tertiary  of 
the  Rhine,  283;  of 
K  ew  Zealand,  708  ; 
oftheWealden,405. 

Coal-hearini^  Oolite  of 
Brora,  517  ;  of  the 
Oolite,  513. 

Coalbrook  Dale,  677. 

Coal 'he  Id  of  Deity- 
shire,  677. 

Coal-fields  of  Eastern 
Virginia,  518 1 

CoaJ-m  eaaurcsi     67b; 


originating  in  eubr 
merged  lands,  759; 
upright  trees  in  the, 
66[]. 

Coal-plania,  733. 

Coal-seams,  thicks  G&3. 

Coal-sJmie,  676. 

Coal -shales  and  veget- 
able remain;*)  C91. 

Coals,  of  Secondary 
age,  672, 

Coccosteus  declpiens, 
796. 

Colfee-plant  of  Ber- 
muda, 84. 

Coins  in  conglomeratej 
81,  82. 

Cole,  Mr.,  on  llie  skin 
ol  Ichthyosaur,  579. 

Cdima,  871. 

Coliv^eston  tilestones, 
51(i, 

Colossochelys,  boneaof 
the,  164, 

Columbia  Hiver,  sub- 
merged forest  in,  404. 

Cuhunnar  sLrnclore, 
869. 

Comtttulffi,  or  feaihcr* 
stars,  655. 

Combe-rotk  of  Brigh- 
ton, 79,  113. 

CoinparattTc  anatomy, 
137. 

Comparisoit      of     lhe 
Stone»6eld      and 
Wealden  fossil3,5lO» 

Conchifera,  212. 

Contj  firom  Kent,  412. 
from  Pippingford, 
Sussex,  412;  from 
the  Isle  of  Purlnrek, 
412. 

Cones  of  Zamiostrobus 
from  San  down  Bay, 
412. 

Confena,  609. 

Conglomerate,  or  pud- 
diiig-sione,  214. 

Con|[lomerales  ol    lhe 
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fossil  tniita  of,  412- 
ConservatW^  effects  of 

C3oiiaoiidfition  of  loose 
sand,  :%  101  ;  by 
iron,  SI. 

jContOTtionfl  of  crys- 
talline Tocks,  &85. 

Conybearc,  Rev*  W.^ 
on  Pksiosanr^  577 ; 
on  the  ma^psiflji 
contiomerate,  5fi4, 

Conybearc,  Rev.  W., 
and  W.  Phillips'eJ 
GeyIo(;y  of  England 
and  Wkfes,  referred 
to,  23(J,  494* 

Copper,  S49,  907,  90S, 
910. 

Copper-bearing  shale* 

9  J  a. 

Copper-ores,  904,  91% 

Copper- pyrites,  900. 

Ckjprolirea,  3d9 ;  of 
Mftcropomft,  358- 

Coral- b  lands,  638;  for- 
mation of,  639. 

Corallaria,  621. 

Corallina  officinalis^ 
601. 

Coralline  limestone, 
652,  821,  905. 

Coralline  marbles,  652. 

Corallium  nibrum,630. 

Coral-rag,  497. 

Coral-reefs,  636;  of 
Loo  Choo,  637. 

Coral -sand  ofBahamas, 
85. 

Corals,  618 ;  appear- 
ance of  living,  634 ; 
carboniferous,  762 ; 
geographical  distri- 
bution of,  632 ;  in 
Chalk,  330;  in  the 
Maestricht  beds,330; 
Jurassic,  649  ;  Pa- 
lajozoic,  649 ;  Upper 
Siiurian,  820 ;  SUu- 
rian,  823 


Corda,  M^  referred  to, 
710. 

Corfe  in  Dorset,  brown* 
<:oal  at,  245. 

Cornbrasli,  501. 

Coma-atnmonLs,  344. 

Cornuiiie^t,  B25. 

Com  wail,  fomsallon  of 
recent  gandstone  in„ 
91 ;  pnlxDKOic  rocks 
ofy  804 ;  logman- 
stones  ofi  95* 

Corsican  gran  lie,  901. 

Corundum,  905, 

Colopaxi,  8?  2. 

Cotteswold  Hillfl,  504 

Country  of  the  I  guano- 
don,  453,  4Sfi* 

Coves  in  the  e»ouih-west 
of  the  Isle  of  Pur- 
beck,  395. 

Crab,  fossilffrom  Malta, 
254* 

Cra^,  deposila  of,  223 ; 
fluvio-mfirine.  2M ; 
laonstrinc  beds  of, 
224  J  mammalifer' 
ous,  224 ;  Mr. 
Charlesworth  on  the, 
223;  Norwich,  224; 
shells  of,  224 ;  sub- 
divisions of,  224 ; 
Suffolk  or  lower- 
most, 224 ;  upper  or 
Red,  224;  Mastodon 
of  the,  965 ;  Mr.  S. 
V.  Wood,  on  the 
fossils  of  the,  224. 

Crater  of  Puy  de  Come, 
273 ;  Puy  de  Dome, 
273. 

Craters,  of  Aurergne, 
852 ;  of  elevation, 
847 ;  of  eruption, 
846. 

Craufurd,  Mr.,  collec- 
tion of  teeth  and 
bones,  161. 

Cray-fish,  349. 

Ciedxvei**,  Herr,  col- 
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Gretflceous  (or  tMkl       W 
formalioD,   2U1  ^  i>t 
Engrand,  3t)U ;    or- 
ganic remains,  201  ; 
period,  924;  atrsitAv 
geographical    distri-' 
btitiot)  of,  322;  stra.;** 
near  Maesldtht  de  — 
scribed^  318, 

Cretflc^oua  peHo<l,  324  .— 

Crinoidea,     654 ;     ir^*- 
Chalk,  336;  of  ih^^ 
Oolite,  528;  strnctoi 
ofthe,  635;SiluTian. 
§23 ;  Carboaifcrou! 
762' ;      Devonian, 
792";  TriJiii^ic,  549. 

Crocodile,    575 ;    re^ 

mains    of,    in    claj^^d^, 
near    Lyraington^  J 

257;  teeth  of,  froii      ^-A 

Ihe  Cbiilk  at  Meu ^ 

don,  366.  , 

Crocodilinn    reptile 

from  Tilgate  Poi&sC^z^i 
429, 

Croi;odJUan   reptiles, 
fossil  teeth  o^  429        J 
of  the  Wealden,  428i^^' 

Cross,  Mr.  Andrew,  o^^^ 
the  formation  o^^^* 
crystals  by  galvan — -  ' 
ism,  906. 

Crustacea,    MoUusca^^ 
and  Crlnoidea  of 
Trias,  549. 

Crustaceans  and 
of  the  London  Clay^^ 
253 ;  and  insects  o  -^==^ 
the    Oolite,    529; 
Carboniferous,  766    -^ 
fossil,  417;    of  th< 
Chalk,  348 ;   of  th< 
Devonian    series, 
792;  of  the  Wealden,   ^i— 
418;  Silurian,  827. 

Crystallization  defined  ^=^ 
195. 

Crystal  Palace  Gar— — 
dens,  models  of  e»^^ 
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reptiles  in,  260, 435, 
448,  451,  532,  553, 
566. 

<;tenoid  fishes,  352. 

Cuckfield  Quarries, 
381,  382. 

Culm-rocks,  784. 

Culver  Cliff  (Isle  of 
Wight),  Chalk  strata 
nearly  rertical  at, 
303. 

Cumberland,  palaeozoic 
rocks  of,  805. 

Cumbrian  rocks,  805. 

Cup-like  encrinite,666. 

Cupreous  deposits,912. 

Cupriferous  grits,  912. 

Currents,  effects  of, 
70. 

Curvatures  in  quartz- 
rock,  886. 

Cuvier,  Baron,  on  fos- 
sils, 135 ;  principles 
of  Palaeontology, 
138  ;  discovery  of 
fossil  birds,  257 ;  on 
a  Wealden  turtle, 
426.    . 

Cuvierian  pachyderms, 
fossil,  258. 

Cyathocrinus,  824. 

Cyathophyllum,  824. 

Cycadeae,  400,547, 735. 

Cycadeoidea  megalo- 
phylla  (Dr.  Buck- 
land),  401. 

Cycadeous  plants,  407. 

Cyclas  of  the  Wealden, 
417. 

Cycloid  fishes,  352. 

Cyclostoma    mumia, 
248. 

Cyclura  carinata,  450. 

Cypraea  inflata,  247. 

Cyprides,  419  ;  fossil, 
from  Aix,  267. 

Cypridinen-Schiefer, 
785,  794. 

Cypris,  418 ;  granulosa, 
41 9 ;  spinigera,  41 9 ; 
Valdenais,  419. 


Cyrena    media,    417 ; 
membranacea,  417. 
Cystidea,  666, 820. 

D. 

Dallaway's  and  Hors- 
field*s  History  of 
Sussex,  referred  to, 
386. 

Dalmatia,  osseous  brec- 
cia in,  188. 

Damarites     Fittoni, 
Unger.,  412. 

Dana,  Mr.  J.  D.,  re- 
ferred to,  29;  on 
Zoophytes,  602;  on 
the  limits  of  coral- 
growth,  633 ;  on  si- 
licification,  731. 

D'Archiac,  M.,  refer- 
red to,  301,  306, 376, 
788. 

Darmstadt,  miocene 
strata  of,  262. 

Darwin,  Mr.  C,  on 
glaciers,  71 ;  on  the 
alluvial  deposits  in 
the  Pampas,  165 ; 
on  the  Andes,  287  ; 
referred  to,  708 ;  on 
theFalkland  Islands, 
887 ;  on  the  Galapa- 
gos Islands,  939. 

Daubeny,  Dr.  C,  on 
the  Cheltenham  wa- 
ters, 545  ;  on  vol- 
canos,  81,  862. 

Davidson,  Mr.  T.,  on 
recent  and  fossil  Bra- 
chiopoda,  825. 

Davy,  Sir  H.,  on  the 
Solfatara,  76,  463. 

Dawson,  Prof.,  on  the 
Carboniferous  rocks 
of  Nova  Scotia,  708. 

Dawson's  patent  fuel, 
102. 

Deane,  Dr.,  on  the 
Connecticut  ioo\.- 
prints,  bl!>9. 


Deane,  Mr.  H.,  on 
spiniferites  in  chalk, 
311,312. 

De  Beaumont,  M.  Elie, 
on  metalliferous  gra- 
nite, 900;  referred 
to,  950. 

Decomposition      of 
rocks,  885. 

Deer,  Irish  gigantic, 
131. 

De  la  Beche,  Sir  H., 
on  aerolites,  49 ;  his 
Researches  in  Theo- 
retical Geology  refer- 
red to,  32;  on  the  Ge- 
ology of  the  environs 
of  Nice,  188;  on  De- 
vonian rocks,  785; 
on  mineral  veins, 
907 ;  on  granite- 
veins,  898;  on  the 
Exeter  trap -rocks, 
564 ;  on  the  concur- 
rence of  fossil  insects 
and  pterodactyles, 
513. 

Delta,  of  the  Ganges, 
57 ;  of  the  Missis- 
sippi, 57  ;  of  the 
Nile,  59,  60;  of  the 
Wealden,  202,  380. 

Delthyris  shaly  lime- 
stone, 821. 

De  Luc,  on  peat-bogs, 
65. 

Dendrodus,  797. 

Denny,  Mr.  H.,  on  the 
gigantic  Irish  deer, 
132. 

Dennis,  Rev.  J.,  on 
fossil  bird  -  bones, 
534 ;  on  mammalian 
bones  in  the  Lias, 
534. 

Denon,  M„  on  the 
sands  of  Egypt,  90. 

Depth  of  the  ocean,  69. 

Derbyshire,    coal-field 
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lesid-mines  of!  &95| 

^piur,    696  J  trap- 
rockf  ""  '^^ 
DeTQi                  'a  ,361 

Oem  md 

spLr<^°  ^  [fau- 

ma,  451 ,  mh- 

pholis       cr  l&iSt 

Desmidmcffffij  a,    - 
DestructLDu   of     ocka 
by  oarbonk  a       gas, 

Detritus,  chulk,  at 
Cbarmgt  ti3a. 

lay  as,  height  of,  ii5* 

Defoniaii  forma  tton, 
2U1 ;  period,  92G  ; 
roCka  of  the  Couti- 
Dent  QJfid  Am^Tica, 
78^;  seneSf  781, 
&26;  of  Scotlaadj 
786 ;  of  Devcmshire 
and  Cknnwallj  781* 

Dew,  Mr.,  ij'iL 

Diamond,  724. 

Diatomacese  in  meta- 
morphic  rocks,  918. 

Dichobune,  262. 

Dickinson,  Capt.  T.,  on 
the  Wreck  of  the 
Thetis,  70. 

Dictyophyll^m  crassi- 
nervum,  549. 

Dicynodon  of  South 
Africa,  554. 

Didus  ineptus,  129. 

Dieffenbach,Dr.,on  the 
thermal  springs  of 
New  Zealand,  98  ; 
lignites  of  New  Zea- 
land, 708. 

Diluvial,  39. 

Dinomis  of  New  Zea- 
lancf,  128. 

Dinosaurians,  433. 

Dinotherium,  1 75,262 ; 
proboscidean      cha- 
racter of  the,  963. 
DintoD,    entomostraca 


diecovered  near, 41 9* 

Dtplapterus  of  the  Old 
Red,  797. 

Dipteronotus  cyphua 
of  I  he  Bunter,  55  L 

Dipterus  of  the  Old 
Red,  797. 

DirUbed  at  PortlaTid, 
402;  in  Isle  of  Pur- 
beck,  404;  at9wia- 
don,  403, 

Disoina^  SLlurlaiit  825. 

Dia  '     Revo- 

lt. 

Dist  ,^„^„  of  cai* 
ni^^.^  found  in  ca- 
Terua,  1S4, 

Displaced  ^itrata^  197. 

Dialinetton  between 
animals  and  veget- 
ables, 596, 

Div  eraity  of  animal 
forms»  599. 

DUon,  Mr.  F.,  fossils 
of  Susses,  241,  256. 

D  odo  of  M  a  uritiu;5, 1 2^, 

Dolerite,  849. 

Dolomieu,  M.,  on  pu- 
mice, 850. 

Dolomite,  562,  565. 

Dolichosaurus  longi- 
collis,  367. 

D'Orbigny,  M.  Alcide, 
Jurassic  fossils  de- 
scribed by,  526 ;  re- 
ferred to,  708. 

Dore,  Mont,  extinct 
Yoicanos  at,  275. 

Do  wnshire,  Marquis  of, 
salt-works  at  Gir- 
rickfergus,  5^. 

Drachenfels,  extinct 
▼olcanos  at,  281. 

Draco  Yolans,  583. 

Drift,  39,  200,  2J6; 
atMuswell  Hill,221; 
and  alluTial  debris, 
208. 

Drifted  sand,  90. 


Droit  wichj      brtDB- 

eprings  of,  540. 
Druid 'Sand^lLine,  ^i< 
Dudley,  Siluri^  Btntl 

of,  810. 
Dufin^Qoy,  M.,  on  p»* 

nite-veiiis,  9(MJ. 
Duucan,  Eev.  H.,  oa 

fossil      foot-trwrku 

555* 
Dunker,   Dr.  W„  tin 

the  Wealdeti  ofGi^t- 

many,  377,  .589, 14S. 
Duration  of  gedopal 

epochs,  30. 
Durlstone  Head,  ao- 

tiou  of,  m  SwBMp 

Bay,  393, 
Dyke:*,  850,  3&l,896. 
Dynamical     iHjeoeies, 
'effecLj  of,  931. 


Earth,  crust  of  31, 3-1^  j 

structure    of,    31 ; 

temperature  of,  34; 

gaseous  state  of,  48; 

internal  heat  of,  3i 
Earthquake  of  LisboQ» 

.842. 
Earthquakes,  841 ;  e^ 

fects  of,  842. 
EastwareBay,    netf 

Folkstone,  317. 
Ebelmen,  M.,  on  arti* 

ficial  crystals,  906. 
Echinites    and  spines 

from  the  Chalk,  338. 
Echinoidea  of  the  Oo- 
lite, 528. 
Echinoderms,  Silurian, 

822. 
Echinosphsrites,  825. 
Edaphodon    leptogna 

thus,  255;  ManteUi. 

356 
Edwards,  Mr.  P..  bis 

collection   of  High* 
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nograph  of  the  Eo- 
cene moUusca  of 
England  referred  to, 
242,  249,  250. 

Edwards,  M.  MUne, 
and  M.  J.  Haime, 
on  British  fossil  co- 
rals, 246,  621. 

Effects  of  currents,  70 ; 
of  dynamical  and 
chemical  action  ,931 ; 
of  high  temperature, 
102. 

Egerton,  Sir  P.,  classi- 
fication of  fishes  by, 
referred  to,  352 ;  on 
chimeroid  fishes, 
355;  referred  to,519. 

Ehrenberg,  Prof.,  on 
the  origin  of  flints, 
307  ;  on  corals  and 
bryozoa,  600 ;  on 
greensand,  823;  on 
infusoria,  in  volca- 
nic ashes,  860 ;  on 
infusoria  in  volcanic 
tuffs,  &c.,  918 ;  re- 
ferred to,  953. 

Elfel-rocks,  Devonian, 
786. 

Elementary    organic 
structure,  608. 

Elephants,  fossil,  147  ; 
grinding  surface  of 
teeth  of,  143;  teeth, 
142. 

Elephas  primigenius, 
967  ;  tooth  of,  161. 

Elevation,  of  Italy, 
959;  of  mountains, 
919;  of  Newfound- 
land, 958 ;  of  New 
Zealand,  961;  of 
Scandinavia,  115; 
of  the  coast  of  Chili, 
111. 

Ellis,  Mr.  on  corald, 
603. 

Elvans  of  Cornwall, 
786,  S99. 

Emerald,  905. 


Emergence  of  sub- 
marine volcanos, 
874. 

Emmons,  Dr.,  on  fossil 

*  mammals  in  Caro- 
lina, 520. 

Emydes,  574. 

Enaliosaurians,  576. 

Encke's  Comet,  44, 45, 

Encrinital  marble,  660. 

Encrinites,  550,  658. 

Endogenites  erosa,407. 

Entomostraca  of  the 
Chalk,  254,  350;  of 
the  Wealden,  418; 
Tertiary,  254. 

Entrochites,  658. 

Eocene,  or  Lower  Ter- 
tiary, 211,  216,  226; 
shells  of  the  Paris 
Teriiaries,  247  ; 
strata,  organic  re- 
mains of  the,  243. 

Epoch  of  terrestrial 
mammalia,  135. 

EquisetacesB,  735. 

Equisetites,  549. 

Equisetum,  407. 

Eremacausis,  721. 

Erith,  thickness  of  an 
ancient  alluvial  silt 
at,  149. 

Ernouf,  Gen.,  on  the 
Guadaloupe  sand- 
stone, 87. 

Erratic  boulders,  217. 

Eruptions  of  Vesuvius, 
848,  852. 

Essex,  teeth  of  Mosa- 
saurus  in  Chalk  of, 
321 

Estheria,  418,  420. 

Europe,  Tertiary  strata 
of,  283. 

Evaporation,  amount 
of,  56. 

Evidence,  historical, 
108. 

Excavation  of  valley  f^ 
by      streams       an^ 
rivers,  280. 


Existing  geological 
agents,  53;  vegeta- 
bles classified,  731. 

Extinct  elephant,  or 
Mammoth,  in  ice, 
151. 

Extinct  volcanos  of 
Auvergne,  272 ;  of 
the  Rhine.  281,  293. 

Extinction  of  animals, 
123;  the  law  of,  124. 


Fairholme,  Mr.,  on  the 
earth's  surface,  36. 

Falconer,  Dr.  Hugh, 
and  Sir  P.  Cautley 
on  the  fossil  zoology 
of  the  Sewalik  Hills, 
163, 257,  575;  fossils 
collected  by,  242. 

Falconer,  Dr.,  on  Ele- 
phant, 963,  967  ;  on 
Mastodon  and  Ele- 
phant. 963. 
sdlow-deer  from  Sca- 
nia, 173. 

Farre,  Dr.  A.,  on  bry- 
ozoa, 600. 

Farringdon,  zoophytes 
from,  644. 

Faults  in  the  coal-mea- 
sures, 700. 

Fauna  of  New  Zea- 
land, 938. 

Faunae,  successive  fos- 
sil, 928. 

Favosites,  824 ;  Upper 
Silurian,  820. 

Faxoe-chalk,  645. 

Feather-stars,  655. 

Fellows,SirC., referred 
to,  961. 

Felspar,  849,  883. 

Femur  of  (guanodon, 
447. 
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memte,  composed  of 
beadji  and  knife- 
bkdeg,  82, 

FerrybridgE,      fossil 
wood  at,  728. 

Fibrous  gypaiiinj  543, 

Fibres,  735. 

Fingia^a  Cave,  891. 

Fire-damp,  721. 

Fischer  de  Waldheim, 
M.,  on  the  Rhopkar 
lodon,  57  L 

Fisher,  Rev.  O.,  on  the 
Weald^^n  bed*,  48G; 
on  the  Purbetlt  atta- 
U,  3bl,  3e:i,  394, 
396. 

Fishes,  elasaified,  351, 
352;    fo^ili,    from 

1     Aix,     265  i     Prof. 

■  SilHman    on    fossil^ 

r  18;  of  Moute  Bol- 
ca,  269  ;  of  the  Q&t- 
boniferons     svet^mj 

I  769;  of  the  Chalk, 
351;  oftheDevoniEui, 
820;  of  the  London 
Clay.  25;J;  of  the 
Oolite,  530;  of  the 
Permian  aeries,  56S ; 
of  the  Silurian  beds, 
832;  of  the  Tertiary 
deposits,  254 ;  of  the 
Trias,  551 ;  of  the 
Wealden,  422. 

Fish- teeth,  551. 

Fissures,  898. 

Fitton,  Dr.  W.  H.,  on 
the  beds  below  the 
Chalk,  387,  399; 
Guide  to  the  Ge- 
ology of  Hastings 
by,  referred  to,  376, 
378;  on  extraneous 
fossUs  in  the  Weald - 
en,  487;  on  the 
strata  below  the 
Chalk,  quoted,  38b. 

Fiag-stones  of  Mag- 
deaprung,  822. 


Fleming,  Dr,  A.,  on  tlie 

Salt-range    of    the 
Punjaub,  541,  7f)8; 

Fleming's,  Dr.  J. /'Phi^ 
tosophy  of  Zoology,*' 
quoted,  595, 

Flexures  in  quartz- 
roeka,  Smk 

Flint,  onimalcaleg  m, 
309  ;  pt^ype  ?  in, 
31 1  ;  niidules  and 
veins,  30ti;  orgianic 
remaina  in,308  j  ori- 
gin of,  30a,  307, 
3U9|  petti  faction  by, 
102;  Prof.  Ehren^ 
berg  on,  3U7 ;  scales 
of  fishea  ia,  353. 

Floetz  or  Secondary 
rocks,  33, 

Flora  of  tlje  Coal,  732, 
754:ofiheWealdeii, 
483;  of  New  Zea- 
land, 938. 

Florffi.  ^iccesaive  foa- 
sil,  928. 

Fluid-caviiies  m  crys* 
UiK  8B3. 

Fluor-.Hpar,  696,  908. 

FlugLra,     611,    612; 
aricutaTis,   618;  fo- 
liacca,  616. 

Flustroid  Bryozoa, 
612. 

Fluviatile  strata,  form- 
ation of,  59. 

FluTio-marine  deposits 
in  the  Valley  of  the 
Ouse,  61 ;  Upper 
Eocene  deposits  of 
the  Isle  of  Wight, 
243. 

Flying  reptiles,  581. 

Focus  of  volcanic  ac- 
Uon,  842. 

Foliation  of  the  Gneis- 
sic  rocks,  836. 

Folkstone  Cliffs,  316. 

Food     of    zoophytes. 


Fomminifera,  cridffl 
examination  of,  b 
Messrs.  Paikcr  ui 
Jones,  334;  fran 
Bolton,  334;  fmft 
Charing,  3:i4;  fim 
the  Levant,  334 ;  in 
flitJt  (sei;Uoas  o()r 
335  ;  of  tbe  Chslk, 
305,  331 ;  ot  \M 
Tertiariea,  250;  rt- 
cent,  333;  ftoapartt 
of,  310. 

Forbes,  Dr.  C,  on  %- 
nites  of  New  Zci- 
land,  708, 

Forbea,  Dr.  J.,  « 
glaciers  >2 ;  an  ll* 
Temple  of  Seripll. 
109,  959. 

Forbes,  Prof.  E..  W 
Alum  Bay,  238;  W 
the  fluvio-inwiw 
Upper  Eocene  de- 
posits of  the  Isle  rf 
Wight,  2435  onllJ« 
Glacial  epoch,  '^il  i 
on  the  Ptirkdt 
beds,  394;  m  Ter- 
tiary echinoderais* 
225,  . 

Forest,  fossil,  ia  coil* 
measures,  tiSB  i 
inarble,503;modef^ 
submerged,  403; 
ridge  of  the  Weil- 
den,  372. 

Forests,  subterraneaDi 
67. 

Forfarshire,  lacustrine 
deposits  of,  85;  sec- 
tion in,  787;  8h»le«» 
833. 

Formation  of  agates, 
886;  of  coral-is- 
lands, 639 ;  of  new 
rocks,  877 ;  of  rf 
cent  sandstone  ^ 
Cornwall.  91. 

Formations,  dassifiO" 
>assa^nRft\Uiw«' 
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Secondary,  488;  of 
the  Secondary  epoch, 
299. 

Forsterhole  in  Ger- 
many, osseous  con- 
tents of,  178. 

Fossil  aerolites,  52 ; 
birds,  257,  452, 
520,534;  bones  and 
teeth  of  elephants 
of  various  parts  of 
England,  150 ;  co- 
rals, 650 ;  camivora 
in  caverns,  175 ; 
fauna,  928;  ferns, 
738;  fishes,  832; 
from  Aix,  265;  of 
Monte  Bolca,  269; 
of  the  Chalk,  365; 
flora,  928 ;  foot- 
steps, 555;  fox  of 
CEningen,  268;  fruits 
from  the  Wealden, 
412;  human  skele- 
tons,85;  insects  from 
Aix,265;  ivory,  138; 
mammalia  of  Au- 
vergne,278  J  of  Paris, 
258;  of  Stonesfield, 
508;  ofthe  Sub-Hi- 
malayas, 162;  of  the 
valley  of  the  Thames, 
149 ;  mammalian  re- 
mains, 136, 258, 261, 
268,  278,  304,  508, 
562,  963;  in  Kent, 
at  Heme  Bay,  at 
Harwich,  in  Nor- 
folk, in  Suffolk,  and 
in  Sussex,  136;  in 
the  Sub-Appennine 
formations,  135 ; 
monkeys,  262 ;  nau- 
tilus, 249 ;  plants  in 
Eocene  strata,  243; 
of  the  Coal,  732  ;  of 
the  Wealden,  405; 
scorpion,  768;  shells, 
211 ;  from  London 
Clay  at  Primrose 
HW,  253;   teeth  of 


Crocodilian  reptiles, 
429;  tortoises  and 
turtles,  574;  trees 
of  the  Wealden  at 
Brook  Point,  390; 
turtles  in  chalk,  367; 
vegetables,  404,912; 
wood  of  Egypt,  886; 
zoophytes,  642. 

Fossiliferons   rocks, 
897 ;  strata,  200. 

FossilM,  Cambro-Silu- 
rian,  821 ;  creta- 
ceous, 323 ;  De- 
vonian, 790 ;  in 
metamorphic  rocks, 
916  ;  of  the  coal- 
series,  732;  of  the 
Isle  of  Sheppey, 
233;  of  the  Lower 
Tertiary  strata  of 
the  Hampshire  ba- 
sin, 240  ;  of  the 
Oolite  and  Lias,  507, 
526 ;  of  the  Permian 
system,  567 ;  of  the 
Trias,  547;  of  the 
Wealden,  400 ;  up- 
per Tertiary,  131. 

Foumet,  M.,  on  mi- 
neral-veins, 908 ;  on 
hypogene  rocks,  915. 

Fox,  Mr.  R.  W.,  on 
mineral  veins,   909. 

Fox  of  CEningen,  fos- 
sil, 268. 

Fraas,  M.,  on  Jurassic 
rocks,  512. 

France,    Cretaceous 
strata  in,  322;  Si- 
lurian rocks  of,  819 ; 
Tertiary  volcanos  of, 
270. 

Fresh-water  strata  of 
Auvergne,  277 ;  po- 
lype, 606 ;  shells  of 
the  Paris  Tertiaries, 
248;Wealden-shells, 
413,  417. 

Fringing-reefa,  640. 

Frog-tribe,  5a4. 


Fruits  of  coniferae,  412; 
in  the  Isle  of  Shep- 
pey, 244. 

Fuci,  699,  822. 

Fucoid  in  chalk-marl, 
Bignor,  328. 

Fucoidal  marks,  808 ; 
plants,  547. 

Fucoides  Harlani,  822. 

Fumarole,  873. 

Fungi,  735. 

Fungia,  626  ;  in  lime- 
stone from  Maes- 
tricht,  330. 

Fusus  contrarius,  224 ; 
uniplicatus,  247. 


Galecynus  CEningen- 
sis,  268. 

Galena,  900.  910. 

Galeus  pristodontus, 
354. 

Galicia,  salt-mines  of, 
289;  teeth  of  Mosa- 
saurus  at,  321. 

Ganges,delta  of  the,  57. 

Gangue,  908. 

Ganoid  fishes,  352. 

Garnet,  906. 

Garnets  in    altered 
rocks,  904. 

Gas,  839. 

Gaseous  state  of  the 
earth,  probable  ori- 
ginal, 48. 

Gasteropods,  Carboni- 
ferous, 763. 

Gastornis  Parisiensis, 
258. 

Gaudin,  M.,  on  ficti- 
tious rubies,  905. 

Gault,  301,  315;  fos- 
sils of  the,  at  Folk- 
stone;  326. 

Gavials,  429. 

Gtt:^le\M:ft^Vk^  b^xNfta  \sx 
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General  ^tiew  of  tbe 
OoUle  and  Liaa,  or 

the  Jurasaiic  forma- 
tion, 4&9, 

Geogrmpbical  disuibii' 
tioQ  of  AAtmals  aad 
pianl^  33 ;  of  oorab, 
632;  oi  the  co^* 
nieasuTe^it  702 ;  of 
the  OoLitei,  493;  of 
the  Trias  and  Per- 
mian, 537. 

Geolosieiil  eAel%   of 

Buoal  Mtioo,  990; 

Geologieal  Mocipb 
900;  te»£iiS( 
30;  cbanges,  8B8| 
mip  of  BncbiBdv 
description  <^  907, 
474;  mutatioDS,  39 ; 
phenomena  be- 
tween London  and 
Brixton,  372;  aeo- 
ticfn  explained,  62. 

Geology  and  leTela- 
tion,  hannony  be- 
tween,  27 ;  eluci- 
dated by  astronomy, 
49;  in  relation  to 
astronomy,  40;  na- 
ture of,  26;  of  Cen- 
tral France,  293 ;  of 
England,  207;  of  the 
Isle  of  Wight,  242 ; 
of  the  Soath-east  of 
England.  238,  370. 

German  diFisions  of 
the  Jurassic  period, 
488. 

Germany,  Cretaceous 
8traUin,322;Weal« 
den  of,  387. 

Geysers  of  Iceland,  93. 

Gibniltar,os8eoiis  brec- 


cia in  the  ro^k  ol, 
137.  186;  stalagmite 
<  79 ;  the  Uock  ot, 

m\ 

Giles,  Mr^tfeferred  to, 
785. 

Glacial  epoch,  22K 
Gl^iets  and  icebeigSp 

7L 
Gladstcme^  Mr.,  analy' 

sis  of  cbalk^ma;)  by» 

314. 
Glarusalatjei  »ge  of  thij, 

916. 
GlypLodi^n  (torn.  Soutk 

America    described^ 

Ui. 

Glyptolepia^  797. 

Gnei^  2t>G,  680,  881, 
864. 

Goeppert  Prof,  J  on 
the  flora  of  the 
TeriiirvH,  'MB ;  refer* 
red  to,  710  ;  experi* 
menu  on  tiie  fcnaiiJi- 
zaLion  of  plants,  728 ; 
on  Dtigcnaririj  744. 

Gold,  907,  910. 

Goldfiiss,  Prof.,  on  pte- 
Todactyles,  533. 

Gold-reins,  910. 

Goniatites,  Silurian, 
827;  Carboniferous, 
763. 

Goniopholiscrassid^ni, 
430. 

Gorgonia,  623. 

Gorgonids,  619. 

Gosau  beds  (Easimm 
Alps),  301. 

Goese,  Mr.,referred  to, 
605,  738. 

Gothland,  Isle  of;  820. 

Gradual  rise  of  Scandi- 
navia, 841. 

Granite,  882,  880, 896; 
of  Cornwall  and  De- 
Ttmshire,  902 ;  Teins, 
898,900. 

GT«m\e,  \K>\i\Aet  ot,  in 


Grapujlites,  6H  ^2*^ 
Grauwacke,  7U9. 
Grays  in  Essex,  fiisai/ 

mammalia  slU  1^9. 
Great  Dismal  3wrj^ 

of  Virginia.  ti84     , 
Great       Oolite,     501 

670. 
Green    Moimtama  rfl 

Vermont,  S2I. 
Grecnough**  ''  CfiEial-^ 

Examinatiuti  af  tk  ' 

First    Prmci]}lia  ^ 

Greensi^ndt  Lowfiift  314 
316,317.  J 

Gre^ifiand,  Mr.  Bs^ 
on,  314. 

Gieenstone-poipliTiyf 
904. 

Giey  chalk,  301. 

Grey-wethers,  231. 

Griffith,  Dr.  R.,  en  An- 
trim, 895;   on  the 
*  Devonian  rockf  of 
Irdand,  781 

GroTe,Mr.  W.B.,l«- 
ferredto.l94.906. 

Grotto  del  Cane,  SO. 

Gnadaloupe,  secdoo  of 
the  cliffs  at,  85;  fi»- 
sil  human  dtdetoo 
from,  87,  88. 

Goettard,  H.,  on  the 
Peniacrinns,  656. 

Gulf-stream,  70. 

Gypsum,  542. 

Gyrogooites,  267. 

Hagly  Park,  811, 811 

Hall,  Capt.  Batd,  os 
ooral-teefe,  637;  oo 
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on  the  Val  del  Bov6, 
866. 

Hall,  Sir  James,  expe- 
riments on  melted 
rock,  813. 

Halysites,  824. 

Hamilton,  Mr.  W.  J., 
on  the  fumaroles  of 
Tui»cany,  544 ;  on 
the  Brown-coal  and 
other  tertiary  form- 
ations of  Germany, 
282. 

Hamites,  346;  from 
gault,  340. 

Hampshire    basin, 
lower  tertiary  strata 
of;  240, 

Handfast  Point,  verti- 
cal Chalk-strata  at, 
395. 

Hants,  tertiary  basih 
of,  227. 

Harkness,  Prof.,  on 
the  red  sandstone  of 
Southern  Scotland, 
555. 

Harlan,  Dr.  R.,  Medi- 
cal and  Physical  Re- 
searches, by,  refer- 
red to,  450, 468, 822. 

Harris,  Mr.  W.,  chalk- 
detritus  discovered 
by,  336 ;  on  the  iron- 
stone of  the  North 
Downs,  971. 

Hartz,  Silurian  rocks 
of,  822. 

Harwich,  fossil  mam- 
malian remains  in 
clay  off,  136. 

Hastings,  Geology  of, 
379;  cliffs,  Mr. Web- 
bter's  memoir  on  the 
stratification  of  the, 
referred  to,  378  ; 
sands,  381,  385 ; 
Whit«  Rock  at,  379. 

HastingSiMarchioness, 
fossil  crocodile  from 
cJay  near  Lyming- 


ton,  by,  257 ;  fossils 
discovered  by,  242. 

Haughton,  Prof.,  on 
granites,  898. 

Hawaii,  866. 

Hawkins,  Mr.  B. 
Waterhouse,  restor- 
ations of  forms  of 
extinct  species  of 
ancient  mammalian 
and  reptilian  ani- 
mals by,  260,  435, 
448,  451,  532,  553, 
576. 

Hawkins,  Mr.  T.,  on 
Ichthyosauri,  576. 

Hawkshaw,  Mr.,  on 
upright  trees  in  the 
Coal,  687. 

Headley,  oyster-shells 
at,  231. 

Headon  Hill, fresh-wa- 
ter tertiary  shells  at, 
249;  section  of,  242. 

Heliolites,  824. 

Helminthochiton,  826. 

Hempstead  Cliff,  243. 

Henfrey,  Prof.,  re- 
ferred to,  710,  717. 

Henslow,  Rev.  Prof., 
referred  to,  710 ;  on 
microscopical  sec- 
tions of  coal,  904. 

Herbivora,  Osteology 
of  the,  141. 

Herbivorous  reptiles, 
436. 

Herculaneum,  856. 

Hermit-crab,  claws  of^ 
from    Maestricht, 
350. 

Heme    Bay,  fossil 

.  mammalian  remains 
in  clay  at,  136. 

Herschel,  Sir  J.  F.W., 
referred  to,  44,  46, 
110,  462,  774;  on 
the  Nebular  theory, 
463. 

Herter,  M.  PaxA,  in- 
ferred to,  566. 


H  ertfordshire  pudding- 
stone,  101. 

Hibbert,  Dr.,  on  meta- 
morphism  of  rocks, 
903. 

Highgate,  marine  eo- 
cene shdls  at,  247 ; 
Nautilus  imperialis 
from,  249;  remains 
of  Chimaeroid  fish 
at,  255. 

High  temperature,  ef- 
fects of,  102. 

Hippopotamus,  rhino- 
ceros-horse, &c.  (fos- 
sil), 172. 

Hippurite-limestone, 
645. 

Historical  evidence, 
108. 

Hitchcock,  Prof.,  re- 
ferred to,  821 ;  on 
fossil  foot  -  tracks, 
558,  927. 

Hochstetter,  on  ueat- 
bogs,  65. 

Hoffman,  M.,  disco- 
very of  Mosasaurus 
by,  320. 

Holoptychius,  770;  no- 
bilissimiis,  796. 

Hooker,  Dr.  J.  D.,  re- 
ferred to,  710,  735, 
743. 

Hopkins,  Mr.  William, 
on  the  interior  of 
the  earth,  32;  on 
toad-stone,  699;  on 
the  earth's  tempera- 
ture, 32. 

Hordwell,  marine  eo- 
cene shells  at,  247 ; 
Alligator  Hantonien- 
sis  from,  256 ;  Cliff, 
242. 

Hornblende,883;  slate, 
900. 

Horner,Leonard,  Esq., 
on  the   Geology   of 
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Egypt  and  the  Nile, 
60. 

Hornitos  of  Jurullo, 
873. 

Horse,  Temains  of^  in 
conglomerated  shin- 
gle from  Brighton 
cliffs,  173  ;  skuU  of 
the,  141. 

Horsham,     fawn-co- 
loured    sandstone 
near,  382. 

Hove,  chalybeate  hill 
at,  241. 

Howse,  Mr.  R.,  on 
Permian  rocks,  537, 
563. 

Hudson  River  rocks, 
821. 

Hull,  Mr.  £.,  on  the 
Cotteswolds,  504. 

Hullmandel,  Mr.  C, 
on  the  subsidence  of 
the  coast  at  Puz- 
zuoli,  470. 

Human  bones  and 
works  of  art  in  ca- 
verns, 183,  184;  in 
the  gravel  of  the 
Suabian  Alps,  185 ; 
in  the  Aire  valley, 
near  Leeds,  185. 

Human        skeletons, 
fossil,  85;    in  sedi- 
ments of  the   river 
valleys,  64. 

Humboldt,  Baron,  on 
aerolites,  53 ;  on 
volcanic  phenomena, 
860  ;  on  granite,  916. 

Hunt,  Mr.  Robert,  on 
crystallization,  909 ; 
on  salt  produce,  541. 

Huntingdonshire,  re- 
mains of  hippopota- 
mus from,  172. 

Huronian  or  bottom 
rocks  of  Canada, ft^V . 

Hut  ton,  Dr.,   reCerred 

to,  104,  915. 
Huttou,       Mr.      W. 


IKDEX. 

"Fossa  Flora,"  710. 
Huxley,  Prof.  T.  H., 

referred    to,     531  ; 

on  fish-tails,  795. 
Hybodonts    of     the 

Wealden,  424. 
Hybodus,     teeth    and 

jaws  of,  355 
Hydra,  606. 
Hyena,     remains    of, 

from  Kirkdale  Gave, 

181 ;   remains  of,  in 

Kent,  182. 
Hylaeosaurus,  remains 

of,     451,    452;     or 

Wealden  lizard,  449, 

485. 
Hymenocaris,  827. 
Hyopotamus,  262. 
Hypsodon,  356 ;  Lew- 

esiensis,  357. 
Hypogene  rocks,  206, 

880  883. 

I. 

Ibbetson,  Mr.  L.,  and 
Mr.  Morris,  on  the 
Collyweston  slates, 
517. 

Ice,  extinct  elephant, 
or  Mammoth,  in,  151. 

Icebergs  and  glaciers, 
71. 

Iceland,  the  Geysers 
of,  93,  95. 

Ichnolites  or  fossil 
footsteps,  555. 

Ichthyodorulites,  551. 

Ichthy  elites,  Devonian, 
790;  of  the  Chalk, 
352 ;  Carboniferous, 
769;  Silurian,  832 ; 
Tertiary,  269. 

Ichthyology,  fossil,  351. 

Ichthyosauri  of  the 
Oolite,  497. 

Ichthyosaurus,  576 ;  in 

4^^. 


Iguanidae,  482. 

Iguanodon,  367,  436, 
444^-446 ;  country 
of,  453,  484 ;  femur, 
&c.,  of,  446,  447; 
lower  jaw  of,  441. 
probable  form  and 
size  of  the,  447;  re- 
mains of,  discovered 
byMr.W.H.Bensled 
in  lower  greensand 
at  Maidstone,  442; 
right  side  of  lower 
jaw  of,  441 ;  ver- 
tebrae of,  441,  445; 
teeth  and  jaws  of, 
438,  439;  Mantelli,  , 
438  ;  upper  tooth  of, 
440. 

Ilford,  fossil  bones 
from,  150. 

Ilfracomb  or  Plymouth 
group,  786. 

Incrustations,  75. 

Incrusting  springs,  73. 

Indusia  tabulata,  from 
Auvergne,  277. 

Inferior  oolite,  676. 

Infusorial  marls  of 
Virginia,  286. 

Inoceramus  concentri* 
cus,   340;     in    cre- 
taceous   strata    of 
Saxony. 

Inoceramus  sulcatus, 
340 ;  Lamarckii,340. 

Ionian  Isles,  osseous 
breccias  in,  137. 

Insects,  carboniferous, 
766 ;  fossil,  from 
Aix,  265  ;  of  the 
Wealden,  421. 

Intense  heat,  effects  of, 
877. 

Introduction,  by  Prof. 
Silliman,  1. 

Ireland,  chalk  in  An- 
trim, 302 ;  peat-bogs 
qC,  65  ;    Cervus  me- 
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tic  deer,  fossil,  131. 

Iron,  849,  911;  con- 
solidation by,  81. 

Ironstone,  recent,  810. 

Iron-pyrites,  900. 

Iron-vorks  of  Sussex, 
386  ;  of  the  Romans, 
near      Maresfield, 
386 ;  of  the  South- 
east of  England,  386. 

Isbister,  Mr.  A.  K., 
on  the  Geology  of 
North  America,  789. 

Ischia,  845 ;  changes  of 
level  in«  962. 

Isis  hippuris,  629. 

Isle  of  Ascension,  89 ; 
ofMan,903;Cervus 
megaceros  in  the, 
131 ;  of  Portland, 
395;  of  Purbeck, 
bone  from,  412 ;  of 
Rathlin,  895 ;  of 
Sheppey,  233 ;  ma- 
rine eocene  shells  at, 
247  ;  fruits  in,  245  ; 
of  Skye,  896;  of 
StafiFa,  891;  of  Wight, 
238;  cretaceous  se- 
ries along  the  south- 
em  coast  of,  303; 
fluvio-marine  upper 
eocene  deposits  in 
the,  243;  fossil  fo- 
rest of,  300 ;  fresh- 
water tertiary  strata 
of,  242 ;  trifid  foot- 
marks in  the  Weal- 
den  strata  of  the, 
382;  section  from 
London  to  southern 
coast  of,  374;  ter- 
tiary basin   of,  227. 

Ivory,  fossil,  148. 


Jackson,  Dr.    C.   T., 

referred  to,  66. 
Jackson,  Mr,  J,  R,,  on 


minerals,  905. 

Jaeger,  Dr.,  on  fossil 
reptiles,  523 ;  on  La- 
byrinthodon,  552. 

Jardine,  Sir  W.,  on 
footprints,  575. 

Jefifreys,  Mr.,  on  solu- 
tion of  silex,  99. 

Joggins,  coal-beds  of 
the,  689. 

Johnston,  Mr.,  on  Zoo- 
phytes, 603,  619. 

Jones,  Admiral  Theo- 
bald, collection  of 
fish-remains  by,  771. 

Jones,  Mr.  T.  Rupert, 
Monograph  of  the 
Tertiary  Entomos- 
traca,  254,  350, 418  ; 
Monograph  of  the 
Cretaceous  Euto- 
mostraca,  351 ;  on 
the  ironstone  of  the 
North  Do^^Tis,  971. 

Jones,  Mr.  Rupert,  and 
Mr.  W.  K.  Parker, 
on  foraminifera,  334. 

Jones,  Prof.  Rymer,  on 
the  animal  kingdom, 
600. 

Jorullo,871. 

Jukes,  Mr.  J.  B.,  on 
South  Staffordshire 
coal-field,  563;  re- 
ferred to,  708;  on 
coral-ree&,  635 ;  on 
Geology  of  Cham- 
wood  Forest,  902. 

Ourassic,  coal-field  of 
EastemVirginia,5 1 8; 
formation,  or  general 
view  of  the  Oolite 
and  Lias,  489 ;  lime- 
stone, altered,  895; 
or  oolitic  formation, 
202. 


Kaolin,  BB^. 
Kelloways  Koc\l,  l)^\. 


Kemp-town,      near 
Brighton,  remains  of 
Mosasaurus  in  chalk 
at,  321. 

Kent,  bone  from,  412  ; 
fossil  mammalian 
remains  in  loam  and 
chalk  -  conglomerate 
in  the  clifls  of,  136 ; 
teeth  of  Mosasaurus 
in  chalk  of,  321. 

Kentish  Rag,  301,316; 
Iguanodon  found  in, 
442 ;  vegetable  fos- 
sils in,  327. 

Kent's  Cave,  near  Tor- 
quay in  Devonshire, 
osseous  contents  of, 
-described,  182 ;  hu- 
man remains  in,  183. 

Kent's  Hole,  near  Tor- 
quay, bones  in,  137. 

Kilauea,  866. 

Killas  of  Comwall,786, 
899. 

Kimmeridge  clay,  497. 

King,  Prof.  W.,  refer- 
red to,  678  ;  on  Si- 
gillaria,  678,  743. 

Kirby,  Mr.,  referred 
to,  589. 

Kirkdale,bones  in  cave 
at,  137,  180. 

Knorr,  M.,  referred  to, 
512. 

Knorria,  Silurian,  822. 

Koh-i-noor  diamond, 
725. 

Konig,  Mr.,  referred 
to,  576. 

Kupfer-schiefer,  913. 

Kyson,  fossil  monkey 
found  at,  263. 


Labyrinthodon,  552. 
Labyrinthodont     reij- 
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LaoMtiiiM 

137. 
Lftgomys  or 

188. 

Ltfoon4dt&dt,  MX 
Lidce-dirtnotk  805. 
Uk«,oftlM8olftlum. 

76,483j|]MranLal 

Botii-lUhHuirML    . 


•legut,  354. 

Land  and  sea*  adte- 
tiong  in  tke  raltti^ 
leYekoC117»95a 

LangUm  Ofeen,  Wad^ 
d0afoin]sft««.42O. 

Ti>m>rck^  PmC  idbr- 
Tedto,60a 

Laophu  cfbtalaMei, 
»4. 

Laplace,  en  aflrottlea» 
52;  onaatroDcnalcal 
phenomeaa,  44. 

Lathrobium  firom  Aix, 
266. 

Lava,  207,  848;  cur- 
rents, 850,  851. 

Law*of  extiiiction,124. 

Lea,  Dr.  1.,  on  fossil 
footprints,  771. 

Lead,  849,  908,  910 ; 
mines  of  Derbyshire, 
695. 

Lee,  Dr.,  collection  of 
Hartwell  fos8Us,497. 

Leidy,  Prof.,  on  creta- 
ceous cetacea,  325. 

Leiodon  anceps,  321.' 

Leith  Hill,  372. 

Lemmings  or  Lapland 
marmot,  188. 

Leparia  nivalis,  609. 

Leperditia,  828. 

Lepidodendron,  749. 

Lepidotus  of  the  Weal- 
den,  423 

Leptaenae,  Devonian, 
820;   SUurian,  825. 

Leptolepis  of  the 
Wealden,  424. 


Leptoplwnii  kditti- 
»ini»78& 

htmmUmlL  dMorilH 
ti.  61  rnMiM  of 
Mo«nnt«lB«Uk 
near,  8S1.        ^ . 

Liit  Mri«i»  m,  fiia 

676^  981;    uiUa  of 
tbB,4»L 
liUm    Hill»    vnvte 

lAOuf  aSOm  817. 
IMrig,on  tho  fttM- 

tifmorood.7SL 
U|liitak  912;   of  Oa 

&liitie.S83;atWoolr 

wbK  M5;    of  dw 

W«Uen,405. 
LOy-floorintta^  660. 
XJUy-ihaiad       ' 


iaSivadiBlf 
PiBofl,NailHak,aBri 
aQ4haWaM40i 


Uiiia»eai!MDaiaa£74.    Loodan 


iaolagiaal  ilMMM- 
aa  batnaio.  In; 
nUwasjBKlkDiWl 
ondao  baiiD.  Art^ 


,674. 

(reeenO  ol 

the  Bermudas,  83. 

Limnsea  effilea,  248. 

Limuloides,  827. 

Lindfield  quarries,  382 

Lindley,  Prof.,  referred 
to,  710. 

Lingola,  Silurian,  825. 

Linton  or  Ashburton 
group,  786. 

Lipari  Isles,  843. 

Liparus,  from  Aix, 
266. 

Lister,  Mr.,  or  polypes, 
612. 

Litharsea     Websteri, 
246. 

Lithographic  stone  of 
Grermany,  511. 

Lithological  characters 
of  the  tertiary  stra- 
ta, 213 ;  structure  of 
the  Iguanodon  coun- 
try, 486. 

Lituola     nautiloidea, 


231;  foasQ  iM 
from,  253. 

London,  fossil  bon^ 
in  beds  of  pvf^ 
near,  137;  tertiwy 
basin  of,  227,  229. 

Longmynd,  or  bottoffl 
rocks,  807. 

Lonsdale,  Mr.,  off  ^ 
corals  and  brffV» 
from  the  eoceaejw 
miocene  strati  « 
North  America,  34J 
on  Devonian  fow 
785 ;  on  the  oolites, 
.503. 

Loo  Choo,  coral-iWB 
of.  637. 

Lower  greensand,  30li 
3l5  ;  fossils  of  the, 
326 

Lower,Mr.M.A,^- 
covery  of  iron-^o** 
of  the  BomtM  ^» 
386. 
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limestone,  821. 

Lower  secondary  for- 
mations, 488. 

Lower  Silurian,  82L 

Ludina  sulcata,  247. 

Lulworth  Cove,  396; 
petrified  trees  in, 
402. 

Lycia,  changes  of  level 
in,  961. 

LyeU,  SirC,  classifica- 
tion of  the  tertiary 
strata,  210;  disco- 
▼ery  of  fossils  at 
Pouncefordby,380; 
remarks  on  the  cre- 
taceous strata  of 
New  Jersey,  323; 
on  deltas,  388;  on 
the  Siberian  Mam- 
moth, 152;  on  the 
Val  di  Noto,  222; 
on  Scandmavia,  116 ; 
on  the  Loess  of  the 
Rhine,  284;  on  the 
trains  of  erratic 
blocks  in  Massachu- 
setts, 219;  on  ice- 
bergs, 219;  on  terti- 
ary lands  and  seas, 
285;  on  rocks  alter- 
ed by  granite,  901 ; 
on  drift-deposits, 
217 ;  on  lava-cur- 
rents, 850 ;  on  the 
delta  of  the  Ganges, 
58 ;  on  the  divisions 
of  the  tertiaries,215 ; 
on  the  Isle  of  Arran, 
897  ;  on  the  geogra- 
phical distribution  of 
animals  and  plants, 
331 ;  on  hypogene 
rocks.  206, 915;  dis- 
tribution of  animals 
and  plants,  33;  on 
•  the  Virginian  coal- 
fields, 518 ;  on  cre- 
taceous cetacea,  325; 
classification  of  stra- 
ta, 200;  on  the  ter- 


tiary seas,  211 ;  on 
freshwater  beds  at 
Aix,  266;  on  the 
Temple  of  Serapis, 
106,  958;  on  the 
country  of  the  Igua- 
nodon,  485. 

Lycopodiaceae,  635. 

Lymington,  remains  of 
crocodiles    in   clay 
near,  257. 

Lyon,  Mr.  W.,  on  the 
coal  of  New  Zealand, 
708. 

Lytton,  Sir  E.  Bulwer, 
quoted,  857. 


M. 

Macacus  eocsenus  of 
Kyson  or  Kingstone, 
264;  pliocsenus,  of 
Grays  m  Essex,  264. 

M'Gosh  and  Dickie, 
on  adaptations  of 
animals  and  plants, 
592. 

M*Coy,  Prof.  F.,  re- 
ferred to,  708. 

Macculloch,  Dr.,  on  the 
pap3rri  of  Pompeii, 
858 ;  on  the  parallel 
terraces  of  Glen 
Roy,  954;  on  the 
Western  Isles,  893. 

Macellodus  Brodiei, 
394. 

Machaerodus  latidens, 
182. 

Mackenzie,  Sir  George 
S.,  "  Travels  in  Ice- 
land," referred  to, 
874;  on  the  Gey- 
sers, 94, 

Macrauchenia,  from 
Patagonia,  172. 

Macropoma  Mantelli, 
357,  361. 

MacrorhynoiB  "Nl%N«\, 
432. 

3  T 


Madeira,  volcanic  cliffs 
at,  962. 

Madrepore,  602,  624. 

Mseandrina  cerebri- 
formis,  626. 

Maestricht,  301 ;  creta- 
ceous strata  near,  de- 
scribed, 318 ;  Mosa- 
saurus  discovered  at, 
319,366;  fungia  in 
limestone  from,  330; 
Retepora  clathrata 
from,  330. 

Magdesprung,  Silurian 
plants  of,  822. 

Magnesian  limestone, 
565;  formation,  203. 

Maidstone,  Iguanodon, 
442 ;  thickness  of  an 
ancient  alluvial  silt 
at,  149. 

Malachite,  913. 

Mallotus  villosus  (fos- 

'   sil),  256. 

Malpays  in  Mexico, 
873. 

Malvern  Hills,  struc- 
ture of  the,  815. 

Mammalia,  fossil,  136, 
148,149,164;  of  Au- 
vergne,  278 ;  of  the 
Sub  -  Himalayahs, 
162  ;  of  the  tertiary 
period,  259 ;  tertiary 
of  Auvergne,  278 ; 
from  Stonesfield  and 
Purbeck,  394,  508 ; 
from  Stuttgart,  561 ; 
from  Carolina,  520. 

Mammaliferous  crag, 
224. 

Mammoth,  in  frozen 
gravel,  153;  skele- 
ton of,  153. 

Mammoths  of  the  allu- 
vial deposits  of  Rus- 
sia and  Siberia,  155. 

Mam  Tor,  strata  of, 
677. 
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liciaed  stem  of,  401. 

Mantell,  Mr.  R.  N., 
on  Oxford  Clay  fos- 
sils, 500;  spiniferites, 
discovered  by,  312. 

Mantell,  Mrs.,  teeth 
of  Iguanodon  first 
found  by,  436. 

Mantell,  Mr.  Walter, 
discovery  of  Nitomis 
by,  128;  on  New 
Zealand,  708. 

Marble,  Purbeck,  416; 
Sussex,t,  415  ;  of 
Tabreez  in  Persia, 
77. 

Marcou,  M.  Jules,  on 
Jurassic  fossils  in 
N.  America,  494. 

Marine  eocene  shells, 
247;  lizards,  576; 
reptiles  of  the  Weal- 
den,  427. 

Marsupites,  662 ;  Mil- 
leri,  in  chalk,  Brigh- 
ton, 337. 

Martin,  Mr.  J.  P.,  on 
the  Geology  of  West- 
ern Sussex,  385. 

^lartin,      Mr.     John, 
painting      of     the 
Country      of     the 
Iguanodon  by,  455. 

Maryland,     tertiary 
strata  of,  286;    eo- 
cene strata  at,  323. 

Mastodon,  262,1964; 
and  other  gigantic 
quadrupeds  at  Big- 
bone  Lick, 'in  Ken- 
tucky, 157;  Arver- 
nensis  in  Norwich 
Crag,  160,  265; 
elephantoides,  from 
Ava,  180;  in  Asia 
Minor,  159  ;  in  Crag 
of  England,  159, 224, 
965;  in  Europe,  Asia, 
and  America,  159 ; 
ill  Spain,  159  *,  in 
Switzerland,  159*, 


Ohioticus,    North 
America,  160. 

Matlock  Springs,  74. 

Mauna  Loa,  866. 

Medina  sandstone,  821 . 

Mediterranean,  osseous 
breccias  on   the 
shores  of  the,  137. 

Meek  and  Hayden,  on 
fossils  from  Nebras- 
ka, 325. 

Megalichthys,  770. 

Megalonyx,  from  Big- 
bone  Cave,  170. 

Megalosaurus,  435 ; 
fiucklandi,  436. 

Megatherium,  in  allu- 
vial deposits  in  the 
Pampas,  167;  col- 
lection of  bones  of, 
in  the  Hunterian 
Museum,  165;  Ame- 
ricanum,  restored 
outline  of  the,  168. 

Melanopsis  tricarinata, 
417. 

Mellite,  724. 

Melted  quartz,  886. 

Membranipora,  613. 

Mendip  Hills,  osseous 
breccias  at,  137. 

Mercury,  911. 

Mesostylus  Faujassii, 
350. 

Metalliferous    veins, 
907. 

Metamorphic  rocks, 
206,  897  ;  fossils  in, 
916. 

Metamorphism    of 
rocks,  902. 

Meteoric  stones,  49. 

Meyeria  Vectensis,349. 

Meyer,  M.  H.  Von,  on 
the    pterodactyles, 
583 ;  on  the  sauro- 
batrachians,  552. 

Mica,  206,  849,  883. 

Mica-schist,  880,  881, 


num,  338. 

Microconchus,  678. 

Microlestes  antiquus  of 
the  Trias,  561. 

Microscopic  examini* 
tion  of  fossil  trees, 
715. 

Microzoa  of  the  Chalk, 
331. 

Middle  and  lower 
groups  of  the  chalk 
formation,  314. 

Middle  Silurian,  821. 

Miliobatis,  225. 

Millepora,  619. 

Miller,  Mr.  Hugh,  re- 
ferred to,  29,  496, 
812,913;  on  the  old 
red  sandstone  and 
its  fishes,  786,  &c. 

Millstone  grit,  692, 
675. 

Mineral  composition  of 
rocks,  194;  oil,  722. 

Miocene,  or  middle 
tertiary,  210,  211, 
216,  226. 

Mississippi,  delta  of 
the,  57. 

Missouri,  Upper,  U.  S., 
remains  of  Mosasau- 
ri  at,  321. 

Moa  of  New  Zealand, 
128. 

Mode  of  disposition  of 
the  Coal,  681. 

Mollusca,  212,  414; 
Devonian,  792;  ol 
the  Oolite,  528. 

Molluskite,  415. 

Monkeys,  fossil,  262. 

Mont  Blanc,  height  ol, 
35. 

Monte  Bolca,  fishes  of. 
255,  269 ;  fossil  tor- 
pedo at,  255;  ter- 
tiary strata  of,  269' 

Monte  Nuovo,  844. 

Montgomery,     Mr. 
James,  on  coral-is- 
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Montmartre,  fossil  bird 
from,     257 ;     fossil 
mammals      from, 
259;  gypseous  build- 
ing-stone at,  2^. 

Moon,  Mr.  Bakewell 
on  the  surface  of  the, 
462. 

Moore,  Mr.  C,  refer- 
red to,  523. 

Morris,  Prof  J.,  on  fos- 
sil mammalia,  149; 
on  the  oolitic  rocks 
of  Lincolnshire,  503 ; 
on  the  CoUyweston 
dates,  517;  on  in- 
sects in  the  Lias, 
523;  on  the  forma- 
tion of  selenite,  544 ; 
on  microscopic  exa- 
mination of  coal,717. 

M  osasauru8,d  iscovered 
by  M.Hoffman,  320; 
gracilis,  321;  Hoff- 
manni,  319,  321  ; 
model  of,  in  British 
Museum,  320;  of  the 
Chalk,  366 ;  remains 
of,  at  Kemp-town, 
near  Brighton,  321 ; 
at  New  Jersey,  321 ; 
at  Upper  Missouri, 
U.  S.,  321 ;  in  Eng- 
lish Chalk,  321 ;  or 
fossil  reptile  of  the 
Meuse,  described, 
319;  stenodon,321; 

'  teeth  of,  in  chalk  of 
Essex,  321 ;  m  chalk 
of  Kent,  321;  m  the 
cretaceous  deposits 
ofGalicia,  321. 

Moultrie,  Dr.,  on  the 
Guadaloupe  skele- 
ton, 87. 

M  ountain-chains,  chro- 
nology of,  919. 

Mountain-limestone, 
675,  693. 

Moantaina,  heights  of, 
35. 


Mount  Dore,  extinct 
volcanos  at,  275 ; 
profile  of,  276. 

Mount  Etna,  862. 

Mount  Washington,  10. 

Mullattoe,  894. 

Miinster,  Count,  on  So- 
lenhofen     deposits, 
513. 

Muschelkalk  of  the 
Trias,  661. 

Musk-buffalo  from  Si- 
beria, 173. 

Musk-ox,  fossil,  133. 

Muswell  Hill  drift,  221. 

Mutations  in  the  rela- 
tive level  of  land  and 
sea,  117. 

Murchison,  Sir  R.  I., 
on  the  ancient  lake 
at  CEningen,  268  ; 
on  the  Geology  of 
Russia  and  the  Ural, 
125,  220,  322;  on 
nummulitic  rocks, 
252;  and  Sir  Charles 
Lyell,  on  the  fresh- 
water formation  of 
Aix  in  Provence, 
266  ;  on  icebergs, 
219;  on  the  drift  of 
Staffordshire,  220  ; 
on  the  Siberian  mam- 
moth, 156;  on  the 
Cheltenham  waters, 
545 ;  on  ^the  Lower 
Silurian  rocks  of 
Sutherland,  917 ;  on 
the  rocks  and  fossils 
of  the  Silurian  sys- 
tem, 799  ;  on  Coal- 
brook  Dale,  677  ; 
on  the  Metamor- 
phic'  rocks  of  the 
Ural,  904;  on  the 
Devonian  rocks,  785 ; 
on  the  Tuscan  fuma- 
roles,  544  ;  on  the 
Trias,  538,  539;  on 
extinction  oi  s^ec\«^> 
125;  onihe'PetxDSasi 
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rocks,  566;   on  the 
■  Brora  beds,  517 ;  on 
.  the      Scandinavian 
drift,  156. 

Mycetophila  from  Aix, 
266. 

Myliobatis  in  London 
Clay,  255. 

Mylodon,  in  alluvial 
deposits  in  the  Pam- 
pas, described,  169. 

Myrrhine  vases,  696. 

Mytilus  Lyellu,  380, 
418. 

N. 

Naimh-bim,  891. 

Nangenoy  meteorite, 
49. 

Naphtha,  722. 

Napoleonite,  901. 

Native  copper,  910 ; 
iron,  911. 

Nature  of  coal,  71 7;  of 
coal-deposits,  679  ; 
of  geology,  26 ;  vol- 
canic action,  839  ; 
zoophytes,  616. 

Naumann,  Prof,  on 
gneiss,  882. 

Nautilus  (Aturia)  zic- 
zac  from  London 
Clay,  250 ;  elegans, 
343 ;  imperialis,  249 ; 
ofthe  Chalk,  343;  of 
the  tertiary,  249. 

Nebraska,  North  Ame- 
rica, fossils  from, 
325 ;  cretaceous  de- 
posits at,  322. 

Nebulae,  various  states 
of  the,  44. 

Nebular  theory  of  the 
universe,  41,  463. 

Needles     (Isle     of 
Wight),  chalk  strata 
nearly  vertical  at  the, 
303. 


1008 


IBDEX. 


Neogene  rocks,  210. 

Neozoic  system,  925. 

Neritina  Fittoni,  417. 

Nervous  system,  596. 

Newfoundland,  gradual 
rise  above  the  sea, 
058. 

Newhaven,  fossil  oys- 
ters of,  115  ;  seed- 
vessels,  &C.,  in  eo- 
cene strata  at,  245. 

New  Jersey,  U.  S.,  re- 
mains of  Mosasauri 
at,  321 ;  chalk  strata 
at,  323. 

New  red  sandstone, 
203. 

New  Zealand,  silicious 
thermal  waters  of, 
97 ;  Apteryx  of,  127 ; 
Moaof,  127;  Notor- 
nisof,  127 ;  Dinomts 
of,  129;  Dodo  of, 
129;  extinct  birds  of, 
129 ;  alluvial  depo- 
sits of,  560 ;  fauna 
and  flora  of,  938; 
elevation  of  land  in, 
112,961;  lignite  of, 
708. 

Niagara  shales  and 
limestone,  821. 

Niccolini,  Signer,  on 
the  Temple  of  Sera- 
pis,  959. 

Nice,  osseous  breccia 
at,  188. 

Nichol,  Dr.,  on  astro- 
nomy, 46,  49. 

Nile,  delta  of  the,  59, 
60. 

Nillson,  Prof.,  Lcn- 
chopteris  Mantelliin 
Sweden,  387. 

Nomenclature  of  ge- 
nera and  species,  re- 
marks on  the,  600 ; 
of  the  Bryozoa,  re- 
marks on,  600. 

Norfolk    Island   pine, 
328,  402,  548,  713 


fossil,  391 
Norman,   Mr.,  micro- 
scopic   preparations 

by,  310. 
North    America,    ter« 

tiary  straU  of,  285. 
Northampton,  Marquis 

of,  on  Foraminifera, 

335. 
Northern  drift,  219. 
North   Stoke,   ancient 

British  canoe  at,  64. 
Northwich,    saliferous 

strata  of,  540. 
Norwich    Crag,    224; 

Mastodon  Arvemen- 

sis  in,  160,  965. 
Notidanus    microdon, 

354. 
Notomis  of  New  Zea- 
land, 127. 
Norwood,  oyster-shells 

at,  231. 
Nucleolites  from    the 

Chalk,  338. 
Nuggets  of  gold,  910. 
NuUipores,  637,  644. 
Nummulites,  250 ;    in 

the      Pyramids     of 

Egypt,  251. 
Nummiilitic  rocks,  252. 
Nuthetes     destructor, 

436. 


0. 


Obliterated  stratifica- 
tion, 914. 

Obohis,  Silurian,  825. 

Obsidian,  849. 

Occurrence  of  fossil 
mammals,  birds,  and 
reptiles,  587. 

Ocean,  geological  ef- 
fects of  the,  67  ;  bed 
of  the,  68  ;  depth  of. 


268 ;  fossils  in  the 
marl-stone  at,  268; 
lacustrine  deposit  at, 
268. 

Oldhamia  of  Bray 
Head,  Ireland,  809, 
823. 

Old  red  sandstone,204. 

Oligocene,  211. 

Omphyma,  824. 

Oneida  conglomerate 
of  America,  821. 

Onondaga  salt-rocks, 
821. 

Oolite  or  roe-stooe, 
492 ;  geographical 
distribution  of,  493 ; 
subdivision  of  the, 
496 ;  near  Oxford, 
499 ;  period.  925. 

Oolitic  formation,  202. 

Oolitic  or  Jurassic 
group,  table  of  the, 
496. 

Ophidians,  584.  " 

Orbitoides  Mantelli, 
252. 

OrestonCave,near  Ply- 
mouth, osseous  con- 
tents of,  described, 
182. 

Organic  kingdom,  suc- 
cessive changes  of 
the,  927  ;  remains  in 
flint,  309;  in  lava, 
860;  in  the  meta- 
morphic  rocks,  916 ; 
intheWealden,404; 
of  the  Carboniferons 
system,  709  ;  of  the 
Chalk  -  formation, 
323;  of  the  Devo- 
nian series,  790 ;  of 
the  Eocene  strata, 
243 ;  of  the  Jurassic 
series,  526 ;  of  the 
Silurian  and  Cam- 
brian rocks,  821 ;  of 
'Ccv^  ^^Quesfield  slate, 


H^DEX. 


1009 


ed  of,9d2 ;  structare, 
608;  and  inorganic 
bodies,  differences  of, 
594. 

Organization  of  Tege- 
tables,  700. 

Organ-pipe  coral,  631. 

Oriental  ruby,  905. 

Origin  of  rock  -  salt, 
541. 

Orizaba,  871. 

Omithoidichnites,  557. 

Ornithorhyncus     of 
Australia,  577. 

Orthis,  Silurian,  820, 
825. 

Orthoceras,  Carboni- 
ferous, 763. 

Orthoceratites,  Mid  lie 
Silurian,  820. 

Osmeroides,357;  Man- 
telli,  in  chalk,  360. 

Osseous  breccia,  137, 
185,  188  ;  of  Aus- 
tralia, 189. 

Ostendt  Norfolk,  mam- 
maliferous  crag  at, 
226. 

Osteology  of  the  car- 
nivorsL,  139 ;  of  the 
herbivora,  141. 

Ostrsea  deltoidea  of  the 
Oolite,  497;  distorta, 
418. 

Ouse,  the  Talley  of  the, 
61. 

Owen,  Prof.,  on  British 
fossil  mammalia,  1 5 1 , 
185,  172,  226,  262, 
264 ;  on  fossil  oxen, 
134;  on  the  cretace- 
ous reptiles,  442  ; 
on  the  Eocene  rep- 
tiles of  England,  256, 
257;  on  the  Weal- 
den  Iguanodon,  441 ; 
on  the  Wealden  Che- 
Ionia,  426  ;  on  the 
fossil  reptilia  of 
Britain,  433,  436, 
442;  on  South  Ame- 


rican fossil  mamma- 
lia, 172  ;  on  the  Me- 
gatherium, 167, 168 ; 
on  concurrence  of  the 
remains  of  insects 
and  small  mammals 
at  Purbeck,  513 ;  on 
the  fossil  mammalia 
of  Stonesfield,  508 ; 
on  the  Labyrintho- 
don,  552. 

Oxen,  fossil,  in  the 
post-tertiary  deposits 
ofGreat  Britain,  133. 

Oxford-clay,  499,  676. 

Oxford-oolite,  or  coral- 
rag,  497. 

Oxide  of  iron,  near 
Bolney,  in  Sussex, 
83. 

Oyster-bed  at  Bromley 
in  Kent.  231. 

Oyster-shells  at  Head- 
ley  in  Surrey,  231 ; 
Norwood,  231  ; 

Readmg,  231. 


P. 

Pflpstum,  temples    of, 
75. 

Paltechinus,   carbonif- 
erous, 762. 

Palaeoniscus,  569 ;  su- 
perstes,  551. 

PalsBontology,    princi- 
ples of,  138. 

Palteosaurus,  570. 

Paleotheria,  261,  262. 

Palffiotherium     mag- 
num, 259,  261  ;  me- 
dium, 261 ;   minus, 
259,  261. 

Palaeozoic  or  Primary 
system,  203,  925. 

Palermo,    fossils     of, 
222. 

Palms,    leaves     and 
8t«ms  of,  m  XfttViaanj 
strata,  ^4. 


Palm,  fossil  trunk  re- 
lated to,  at  Soissons, 
244. 

Paludinaelongata,  416. 

Paludinae  of  the  Weal- 
den, 41 5 ;  fluviorum, 
415  ;  Sussexiensis, 
415. 

Pampas,  Mr.  Darwin, 
on  the  alluvial  depo- 
sits in  the,  165. 

Papandayang,  864. 

Parallel  terraces  of 
Glen  Roy  and  Lo- 
chaber,  954. 

Parasmilia  centralis, 
330. 

Paris,  Dr.,  on  the  form- 
ation  of  recent  sand- 
stone in  Cornwall, 
92.  468,  469  ;  on 
Logan -stones,  951. 

Paris,  fossil  mammalia 
o£^  258  ;  tertiaries, 
eocene  shells  of,  247; 
fresh- water  shells  of, 
248;  tertiary  basin 
of.  227. 

Parish,  Sir  Woodbine, 
collection  of  bones  of 
Megatherium     by, 
165. 

Parka  decipiens,  787, 
790. 

Parker,  Mr.  W.  K.,and 
Mr.  Rupert  Jones, 
on  recent  and  fossil 
foraminifera,  334. 

Parker,  Rev.  Samuel, 
on  a  modern  sub- 
merged forest,  403. 

Parkinson,  Mr.,  on  the 
soft  parts  retained  in 
fossil  corals  and  cri- 
noids,  654. 

Pattison,  Mr.  S.  R.,  re- 
ferred to,  785. 

Pavonia,  625. 

Peach,  Mt.  G,^  d\Sic:A^> 
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discoTcry  of  fossils 

in    Sutherland    by, 

917. 
Pear-encrinite,  662. 
Peat-bogs,   65  ;    with 

coal,  66. 
Pecten  Jacobeus,  223. 
Pectunculus  angusti- 

costatus,  247. 
Pelorosaurus   of    the 

Wealden,  428. 
Pennatule,  629. 
Pentacrinites,  550, 663. 
Pentacrinus,     recent, 

655. 
Pentameri,  middle  Si- 
lurian, 820. 
Penthetria,  insect  from 

Aix,  266. 
Pentremites,  carboni- 
ferous, 762. 
Pentremites  and  Cys- 

tidea,  658,  666. 
Perennibranchiata, 

553. 
Permian    and     Trias 

formations,  203,  535, 

562. 
Permian  period,  925; 

series    of    Germany 

and  Russia,  566. 
Permian  rocks,  676. 
Pemte  of    the  Oolite, 

497. 
Petersburg?,   Virginia, 

infusorial  marls    of, 

286. 
Petherwin  beds,  673. 
Petrifaction    by    flint, 

102 ;    of  vegetables, 

726. 
Petrified      forest      of 

Portland,  398. 
Petroleum,  723. 
Petteridge    Common, 

in      Surrey,     fossil 

bones  in  beds  of  gra- 

yelat,  137,  173. 
Peysonnel,     Mr.,    on 

Zoophytes,  603. 
PMlippi,  M.,  on  teili- 


.  ary  strata  of  Italy, 
210. 

Phillips,  Prof.  J.,  coal- 
beds  of  the  York- 
shire Oolito,  514;  on 
the  Geology  of  York- 
shire, 493;  on  Juras- 
sic fossils,  526;  on 
earthquakes,  877 ; 
on  the  Permian 
group,  535 ;  on  me- 
talliferous '  veins, 
907  ;  on  the  Stones- 
field  slate,  506 ;  on 
the  crinoids  of  York- 
shire, 659 ;  on  boul- 
der-drifts, 220;  on 
cleavage,  835 ;  on 
the  Geology  of  De- 
von, 785;  on  the 
Oolites  of  Yorkshire, 
503. 

Phlegrean  Fields,  843. 

Physa  Bristovii,  414. 

Pichincha,  872. 

Pictet,  M.,  and  M. 
Humbert,  on  fossil 
reptiles,  575. 

Pictet,  M.,  on  the  di- 
luvial deposits  of 
Geneva,  210 ;  on 
fossil  fishes,  256. 

Pictou,  coal  of,  690. 

Pine-trees,  fossil,  401. 

Pinites  protolarix,  713. 

Pinus  succinifer,  245. 

Pisolite  or  peastone, 
492. 

Pitchstone,  849. 

Placoid  fishes,  352. 

Placopsilina  irregula- 
ris, 335. 

Plagiaulax,  394. 

Platemys  Mantelli, 
426. 

Planets,  44. 

Planorbis  cylindricus, 
248  *,    euomphalus, 

on  toa^ii^,  V^  \  ^^^^ 


in  Eocene  strata, 
244;  from  Chalk- 
strata  of  Aix-Ia-Cha- 
pelle,  329 ;  from 
Chalk-strata  of  Bo- 
hemia, 329;  from 
Chalk^traUofSaz- 
ony,329;  fromChalk- 
strata  of  Thuruigia, 
329;  Permian,  567; 
Devonian,  790. 

Plaster  of  Paris,  543. 

Plastic  clay,  230. 

Platinum,  911. 

Playfair,  Dr.,  on  the 
Gulf  Stream,  71';  on 
Huttonian  theory, 
104,  215,  954. 

Plesiosauri  of  the 
Oolite,  497. 

Plesiosaurus,  579;  of 
the  Chalk,  367 ;  of 
the  Wealden,  427. 

Pleurotoma  dentata, 
247. 

Pleurotomariae,  of  the 
Oolite,  497. 

Plieninger,  Dr.,  of 
Stuttgart,  on  Trias- 
sic  mammalia,  561. 

Pliny,  account  of  an 
eruption  of  Vesu- 
vius, 857. 

Pliocene  beds  of  Sici- 
ly, 221. 

Pliocene,  upper  ter- 
tiary beds,  210,  211, 
215. 

Pliopothecus  antiquus, 
263. 

Plumbago,  726. 

Plutonic  rocks,  206, 
897. 

Plymouth,  osseous 
breccias  at,  137. 

PoBcilopleuron,  432. 

Polygonal  prisms  in  ba- 
salt, 889. 


'^Ov>i^^^     freshwater. 
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601,  618. 

Polyptychodon,  367. 

Pompeii,  856. 

Popo-catepetl,  871. 

PoramboniteSySilurian, 
825. 

Porcelain-earth,  883. 

Porifera  or  sponges, 
602. 

Porphyritic      dykes, 
897,     899 ;     rocks, 
873. 

Porphyry,  880,  883. 

Portland,  dirt-bed  at, 
395 ;  erect  fossil 
trees  in  dirt-bed  at, 
399;  oolite,  496; 
petrified  forest  of, 
398 ;  sand,  496 ;  sec- 
tion of  a  quarry  in 
the  Isle  of,  399;  the 
Isle  of,  396. 

Portlock,  Gen.  J.  E., 
on  Devonian  rocks 
of  Ireland,  784. 

Posidonomya  minuta, 
549. 

Post-tertiary  deposits, 
200,  208. 

Potash-granite,  898. 

Potsdam  sandstone, 
825. 

Poimceford  in  Sussex, 
Wealden  at,  370. 

Precious  stones,  905. 

Preservation  of  a  bed 
of  ice  under  lava, 
859. 

Prestwich,  Mr.  J.,  on 
Ck)albrookDale,678; 
on  the  London  Clay, 
210,  230,  232;  on 
the  Bagshot  sands, 
235 ;  on  the  water- 
bearing strata  of 
London,  236 ;  on 
Alum  Bay,  239. 

Provost,  M.  Constant, 
on  the  Paris  basin, 
229;  on  Graham's 
Island,  875. 


Primary  period,  203; 
rocks,  37. 

Primrose  Hill,  fossil 
shells  from  London 
Clay  at,  253;  Nau- 
tilus  from,  250. 

Pristis,  tieeth  of,  from 
Goldworth  Hill,  234. 

Proboscidea,  Dr.  Fal- 
coner on  the,  963. 

Proteus  of  Adelsberg, 
78. 

Protichnites,  828. 

Protogine,  883. 

Pseudocrinites,  82. 

Pterichthys    Milleri, 
796. 

Pterodactyles,  581 ; 
and    birds    of    the 
Wealden,    452;    in 
chalk,  367. 

Pterygotus,  Devonian, 
793;  saurian,  824, 
833. 

Ptychodus  polygyrus, 
354. 

Pudding-stone,  Hert- 
fordshire, 101. 

Pumice,  850. 

Purbeck  beds,  describ- 
ed, 385 ;  coves  in 
the  south-west  of 
the  Isle  of,  395; 
formation,  202 ;  Isle 
of,  392;  marble,  416. 

Puy  de  Come,  273; 
de  Dome,  273;  de 
Parion,  273. 

Puzzuoli,  subsidence 
of  the  coast  at,  470. 

Pycnodns,  424. 

Pyramids  of  Egypt, 
nummulites  of,  251. 

Pyrites,  908. 

Pyrometer,  105. 


Q. 

Quadmm{in«L  oi  moiL- 
keys,  '26^. 


Quartz,  881,  883,  908. 
Quartz-rock,  886. 
Quekett,  Prof.  J.,  on 

spicula  of  sponges, 

604. 
Quicksilver,  911. 
Quorry,    Mr.  Lander, 

on  tne,  59. 


R. 

Radiolites  Mortoni, 
from  chalk,  341. 

Raft,  fossil,  in  the  Isle 
of  Wight,  391. 

Rafts,  on  the  Missis- 
sippi, 391. 

Railway  -  section  to 
Brighton,  373. 

Railway-sections,  494. 

Raised  sea -beach  at 
Brighton.  112. 

Ramphorhyncus,  583. 

Ramsay,  Prof.  A.  C, 
on  the  Bunter,  536; 
on  the  Permian  La- 
byrinthodon,  552 ; 
on^  the  Permian 
breccia,  565 ;  on  the 
Isleof  Arran,  898. 

Ransome's  artificial 
stone,  99. 

Raphiosaurus,  367. 

Rauchwacke,  563. 

Reade,  Rev.  J.  B.,  on 
diatomaceee  in  mica, 
918 ;  microscopic 
investigations  by, 
310,  312,  917. 

Reading,  oyster-shells 
at,  231. 

Recent  plants  classi- 
fied, 734 ;  sandstone 
of  Cornwall,  91  ; 
limestone  of  the 
Bermudas,  83. 

Reconsolidated  gra- 
nite, 900. 
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to,  bl^. 
Bed    sandstone^    676, 

Red  sappliirt^  905. 

Heed  cuid  Math^»on, 
Dr»*,  tm  the  Mmu^ 
moth  Ca¥e,  457, 

R4?p  noratc  d  granitoi, 
7U. 

ll^Lchenbach,  Dr.,  on 
tho  hiiumeB  of  Fer^ 
Bin^  723. 

Hetiiiuns  of  mm  m 
xnodom  dopoiita,64 ; 
ot'  deer  and  other 
terrc^triiLl  anunnia 
in  seditiiL-nl^  of  the 
river  valleys,  64, 

Hennic,  }i\}\\  IL,  on 
t^esit  muss,  719, 

BepUtea,  571 ;    of  tho 
Devonian     period, 
7yr ;  of  the  Cari:>om- 
feroua  period,  771  ; 

of  the  Jurassic  sys- 
tem»  531;  of  the 
Permian,  568;  of 
the  Tertiary  period* 
256;  of  the  Trias, 
551;  of  the  Weal- 
den,  424;  Prof.  SilU- 
man  on  fossil,  19; 
review  of  the  Age 
of,  586. 

Retepora  clathrata, 
firom  Maestricht, 
330. 

Retrospect  of  the  geo- 
logicied  periods,  924. 

Keuss,  Prof.  A.,  on 
fossil  entomostraca, 
350. 

Reversed  strata,  816. 

Review  of  the  hypo- 
gene  rocks«  914 ;  of 
the  lower  Palssoaoie 
series,  836. 

Rhine,  extinct  TolcaiiM 
ofthe»28I,393. 


prBBX* 


Rhinoceros,  from  Sur- 
rey and  Sussex,  173. 

Ehopalodofi,  Permian, 
57  L 

Rhynchon«IU,  825. 

RhynchosauTus  of  the 
Trtaa.  553, 

Richardaiini  Su:  J,,  on 
the  Devonian  ot 
Americii,  787. 

Rit^hmond,  Virginia^  in- 
fusorial mark  of, 
286. 

Ridgway,  Entomos- 
tracft  discovered  at, 
4ia 

Kipplfl^iiiarks,  60,  382, 

Bivc^ra  and  streama,  the 
effect  of  J  55, 

Robert,  M,  E.,  on  the 
Gey  serf,  97. 

RoberLson,  Mr,,  Tefex- 
red  to,  517, 

Ru<.  king-stones,  901 . 

RoL-k-sult  and  b Fine- 
st pr  in  j:h  fyf  l-h«  TnaK. 
540;  of  Carnckfer- 
gus,  540. 

Rocks  and  strata,  ar- 
rangement of,  37, 
200 ;  composed  of 
animal  remains,932 ; 
destruction  of,  by 
carbonic  acid  gas, 
79 ;  mineral  compo- 
sition of;  194. 

Bodentia,  skull  and 
teeth  of,  144. 

Roe-stone  or  Oolite, 
492. 

Roebuck  and  rein- 
deer in  France  and 
England,  173, 174. 

Roemer,  Prof.,  on  the 
Wealden,  376,  388. 

Rogers,  Prof.  Henry, 
on  the  Connecticut 
sandstones,  558 ;  on 
the  cretaceous  de- 
yodVis  ot  K«w  Jec- 


'AlBi^l 


I 


lurian  roci 
ricft,  821 

Rogera,  Prof,  W.B., 
on  the  Jurassi&OMl 
of  Virginia,  518  ;  ai  _! 
Hiclimond  eartl^; 
2dti  ;  on  the  Silimal 
rocka  of  AmencVj 
821 ;  on  Trilobitesin 
metamoruhis:  rod£% 
901.  I 

Roof  of  the  cottl,  6&V 
&S1.  ^ 

RgsaUntfi  m  flint,  30?jJ 
in  ohalk,  33'i.        1 

Ross,  Earl  of,  teteflft* 
of.  43. 

Boss,  Sit  James,  TP^^ 
ferred  to,  879, 

Rotiftjra,  60l. 

Hotu-Mahana,  tlmr* 
mal  lake  aU  9S,       i 

Rowley  Rug,  S13,       J 

Russia,  alluvia  of,  14S|j 
in  ibe  maiiijuol]!*^ 
epulis,  l')d;  c«f- 
taceous  strata  iOi 
322;  fossil  msiD- 
maliaof.l48;Mim- 
moths  of  the  alluvial 
deposits  o(  155. 


Salamandra,  553. 
Saliferous     strata    of 

Northwich,      540; 

tertiary    deposit, 

289. 
Sailer,  Mr.  J.  W^  on 

annelides     in    the 

Longmynd,808;oii 

fucoidal     markingSi 

837. 
Sanarmont,  M.  de,  on 

mineral  veins,  907. 
Sand,  consolidation  <A 

79;  drilled,  9a 
Sanders,   Mr.,  on  the 
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rate  of  BrisioU  563. 

Sandown  Bay,  bones 
£rom,  412;  chalk- 
strata  in,  303. ' 

Sands  of  the  inferior 
Oolite,  520. 

Sandstone,  896 ;  in 
Cornwall,  formatiun 
of  recent,  91 ;  recent 
formation  of,  468; 
ripple-marks  on, 
372,  382. 

Sandstones,  shales,  and 
coal-bedsof  Virginia, 
558. 

Sapphire,  905. 

Sardinia,  os^^ous  brec- 
cia at,  188. 

Sarsden-stone,  231. 

Saturn,  telescopic  view 
of,  46. 

SauU,  Mr.  W.  D.,  re- 
ferred to,  773, 

Saurillua  obtusus,  394. 

Sauro-batrachian  rep- 
tiles, 552. 

Sauroids,  356. 

Saxony,  cretaceous 
strata  in,  322  ;  plants 
from  chalk-strata  of, 
329. 

Scacchi,  Signor,  on  the 
Temple  of  Serapis, 
959. 

Scales  of  the  four 
groups  of  fishes,35 1 , 
352. 

Scandinavia,  elevation 
of,  115;  boulders 
transported  from, 
219. 

Scandinavian  drift,220. 

Scaphites,  346. 

Scar-limestone,  674. 

Schafhautl,  M.,  refer- 
red tO)  953. 

Scheerer,  M.,  referred 
to,  950. 

Schimper,  M.,on  crus- 
taceam  of  the  Trias, 
549. 


Schists,  834. 

Schlotheim,  Baron/re- 
ferred  to,  550. 

Schrieber,  M.,  on  aero- 
lites, 51. 

Schulz,  M.  F.,  on  de- 
tection of  vegetable 
structure  in  lignite, 
716. 

Scollthus  linearis,  822. 

Scotland,       Silurian 
rocks  of,  806. 

Scouler,  Dr.,  referred 
to,  132. 

Screw-stones,  659. 

Scrope,  Mr.  G.  P.,  on 
the  excavation  of 
valleys  by  streams 
and  rivers,  280 ;  on 
the  Geology  of  Cen- 
tral France,  274. 
293";  on  gneiss,  882, 
950 ;  on  volcanos, 
845. 

Sea-beach  at  Brighton, 
raised,  112. 

Sea-fan,  628. 

Sea-pen,  629. 

Secondary  epoch,  201. 

Secondary  formations, 
299;  subdivisions  of, 
200,  300 ;  rocks, 
38. 

Section  from  Herts  to 
Sens,  in  France,227 ; 
of  a  cliif  on  the  Sea 
of  Azof  at  Taganrog, 
155. 

Sections  on  railways, 
494. 

Sedgwick,  Rev.  Prof. 
A.,  on  the  magne- 
sian  limestone,  565  ; 
on  Permian  fishes, 
569;  on  the  Yore- 
dale  rocks,  692 ;  on 
the  Devonian  rocks 
and  fossils,  785 ;  on 
the  Cambrian  series, 
799 ;  on  c\ftBt\«j(B&, 
835 ;  on  ike  VJ\as\r 


sill,  896;  on  inter- 
mittent    plutonic 
agency,  921. 

Seed-vessels,  &c.,  in 
eocene  strata  of 
Alum  Bay,  Hord- 
well,  Bournemouth, 
and  Newhaven,  245. 

Seed-vessels,  Silurian, 
822. 

Selenite,  232,  210, 
543. 

Selenium,  849. 

Semnopithecus  men- 
spessulanus,  263 ; 
pentelicns,  263. 

Senft,  Dr.  F.,  referred 
to,  672. 

Sensation  and  nervous 
system,  596. 

Sepia  or  cuttle-fish, 
described,  342. 

Septaria.  79,  232,  233. 

Sequence  of  geological 
changes,  455. 

Serapis,  Temple  of, 
106,  958. 

Serpentine,  882. 

Serpents,  584. 

Serpulae  of  the  Coal- 
beds.  678. 

Sertularia.  619. 

Sertularidae,  602 

Sewalik  Hills,  in  the 
North  of  India,  fos- 
sil zoology  of,  163. 

Shadbolt,Mr.,  onXan- 
thidia,  313. 

Shalcomb  Down,  sec- 
tion from  Brook 
Point  lo.  390. 

Shales,  834. 

Sharks,  teeth  of,  in 
chalk,  354. 

Sharpe,  Mr.  D.,  on 
Verticellipora,  647; 
on  Devonian  rocks, 
785 ;  on  cleavage, 
835. 
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211,  246;  of  the 
Chalk,  340;  of  the 
Oolite,  502;  of  the 
Wealden,  413;  of 
the  Carboniferous 
system,  762. 

Shelly  limestone,  897. 

Sheppey,  Isle  of,  233  ; 
crustaceans  from 
London  clay  in,253 ; 
marine  eocene  shells 
at,  247 ;  organic  re- 
mains in,  233;  re- 
mains of  chimnroid 
fish  at,  255. 

Shingle,  elevated  beds 
of,  115. 

Siberia,  alluvia  of,148 ; 
fossil  mammalia  of, 
148  ;  skeleton  of  the 
Mammoth,  or  Ble- 
phas  primigenius, 
imbedded  in  frozen 
gravel  in,  153 ;  and 
Bussia  in  the  mam- 
moth-epoch, ir)6 ; 
musk-ox  from,  173. 

Sichon,  slaty  rocks  of 
the,  704. 

Sicily,  pliocene  beds 
of,  221. 

SiRillaria,  735,741,822. 

Silcx,Rrtificial  solution 
of,  99. 

Silicious  deposits,  92 ; 
thermal  waters  of 
New  Zealand,  97. 

Silicilication.  102,  727; 
or  petrifaction  of 
vepetables,  730. 

Sillinian,Pr(>f.,  on  coal, 
6 ;  on  lignite,  6  ; 
on  marble,  7  ;  on 
metals,  8;  on  Mount 
Wavshinpton,  10 ;  on 
the  Geology  of  Ame- 
rica, 10;  on  fossil 
fishes,  IS;  on  fossil 
plants,  18  ;  on  fos- 
sil reptiles,  19. 
[Jiimaji,   Prof.,  jun., 


on  corals,  638. 

Silurian  and  Cambrian 
rocks,  798;  of  the 
British  Isles,  804; 
of  Europe  and  Ame- 
rica, 819. 

Silurian  formation, 
205;  strata  of  Staf- 
fordshire, 809 ;  fos- 
sils, 821 ;  plant  re- 
mains, 821  ;  zoo- 
phytes, 822;  moUus- 
ca,  825 ;  Crustacea, 
827;  fishes,  832; 
period,  926. 

Silver  907,   910. 

Siphonotreia,  Silurian, 
825. 

Site  of  the  country  of 
the  Iguanodon,  484. 

Sivatherium,  skull  and 
bones  oi\  164. 

Skeleton  of  the  Mam- 
moth, or  Elephas 
primigenius,  imbed- 
ded in  frozen  gravel 
in  Siberia,  153  ;  fos- 
sil human,  85. 

Skull  ofthe  horse  141; 
of  wild-cat,  140. 

Skye,  oolite-rocks  of, 
517 ;  trap-dykes  in, 
897. 

Slate-cleavage,  835. 

Slate-districts,  897. 

Slates,  characters  of, 
506,  834 ;  of  creta- 
ceous age,  916;  of 
tertiary  age,  916. 

Slickensides,  696. 

Sloth  tribe,  in  alluvial 
deposits  in  the  Pam- 
pas, 106. 

Smerdis  minutus,  from 
Aix,  265. 

Smith,  Mrs.,  fossils  col- 
lected by,  329. 

Smith,  Mr.  James,  on 
the  Temple  of  Sera- 


fossils  collected  by, 
from  Muswell  Hill, 
221 ;  Hyposodon  ob- 
tained by,  357;  on 
ventriculites,  602, 
647. 

Smith,  Rev.  Dr.  Pye, 
referred  to,  29,  47. 

Snowdon,  strata  ot^ 
818. 

Soda-granite,  898. 

Solar   system,  forma — 
tion  of  the,  44,  45. 

Solfatara,  Lake  of  ' 
76,  463,  844. 

Solvent  power  of  water^ 
307. 

Somerville,Mr8.,on  the 
elevation  of  the  Chi- 
lian coast,  112;  oc: 
the  origin  of  aero- 
lites, 50. 

Sorby,  Mr.  H.  C.  oB 
the      microscopic 
structure    of    crys- 
tals, 882,  948,  953 
on  cleavage,  835 ;  oe 
granite,  950. 

Southboum  in  Sussex 
remains  of  rhinoce- 
ros   and  hippopota- 
mus from,  173. 

South-east  of  England 
Geology  of,  370. 

Sowerby,  Mr.,  referrec 
to,  528. 

Spalacotherium,  394. 

Sphenopteris  MantellL 
406. 

Spinax  major,  355. 

Spines  of  echinites 
328. 

Spiniferites  in  flint 
311,  313  ;  palmatu* 
312;  Repinaldi.313- 

Spiriferi,  Devonian, 
820. 

Spirorbis,  826. 

Spondylus  spinosus, 
340, 
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chalk,  329. 

Spratt,  Capt.,  referred 
to,  961. 

Springs,  incnisting,73 ; 
nature  of,  235 ;  ther- 
mal, of  Iceland,  93 ; 
of  New  Zealand,  97. 

Staffordshire,  Silurian 
strata  of,  809. 

Stalactites  and  ca- 
verns, 77,  466. 

Stalagmites  and  ca- 
verns, 77,  466. 

Stanniferous    gravel, 
910. 

Star-fishes  of  theChalk, 
337. 

Star-leaf  plant,  738. 

State  Geologists,!!.  S. , 
321. 

Steam,  839. 

Stewart,  Mr.,  on  the 
Volcano  of  Kilauea, 
869. 

Stigmaria,  735,  743. 

Stinkstein,  562. 

Stokes,  Mr.  C,  on  fos- 
sil wood,  728. 

Stonesfield  slate,  506; 
organic  remains  of 
the,  507. 

Stone,  Wealden  strata 
at,  403. 

Strata,  altered  by  con- 
tact with  basalt,  893; 
chronological  ar- 
rangement of,  199; 
synopsis  of,  200 ; 
composed  of  organic 
remains,  932;  dis- 
placed, 197 ;  fossili- 
ferous,  200. 

Stratification  explain- 
ed, 196. 

Stratified    quartz- 
rocks,  886. 

Streams  and  rivers,  the 
eff'ects  of,  55. 

Stream-tin,  910. 

Streptospondylna,  429, 
Strickland,  Mr.  H.  E., 


on   fossil    insects, 
530;  on  the  Trias, 
538. 

Strombech.Baron  Von, 
on  the  Encrinus  mo- 
niliformis, 550. 

Structure  of  Ben  Ne- 
vis, 923 ;  of  crystals, 
883 ;  of  slate-rocks, 
833,  835;  of  the 
crinoidea,  655;  of 
the  earthy  31  ;  of 
volcanic  moimtains, 
846. 

Strzelecki,  Count,  on 
Australia,  708 ;  on 
Kirauea,  870. 

Studland  Bay,  393. 

Stutchbury,  Mr.,  on 
Australia,  708. 

Sub-Apennine  forma- 
tions,mammalian  re- 
mains in  the,  136. 

Sub-Apennines,  Age  of 
the,  223. 

Subdivision  of  the  De- 
vonian series  in 
Herefordshire  and 
Ireland,  783 ;  of  the 
Oolite,  496 ;  of  the 
Wealden,  384;  Isle 
of  Wight,  Wealden 
strata,  385. 

Sub- Himalayan      ter- 
tiary  deposits,  162, 
163 ;    remarkable 
collocation  of  fossil 
animals  in,  164. 

Submarine  volcanos, 
874. 

Subsidence  and  eleva- 
tion of  the  Temple  of 
Serapis,  106,  840; 
of  the  coast  of  Puz- 
zuoli,  470. 

Subsulphate  of  alu- 
mina, 240. 

Subterranean  forests, 
67. 

Successive  cYiaxi^e^m 
the    oxgaxao   Vm%- 


doms,  926,  929. 

Successive  epochs  of 
mammalia,  278. 

Suchosaurus    cultri- 
dens,  430. 

Sudden    elevation    of 
moimtain    masses, 
920. 

Sufi'olk,  fossil  mamma- 
lian remains  in  Crag 
in,  136  ;  or  lower- 
most Crag,  224. 

Sulphide  of  iron,  908 ; 
of  lead,  910;  of  sil- 
ver, 910. 

Summary  of  volcanic 
phenomena,876,S79 ; 
of  the  geological 
phenomena  of  Au- 
vergne,  279. 

Superficial  drift,  137. 

Surrey,  fossil  bones  in 
beds  of  gravel  in, 
137. 

Sussex,  changes  in  the 
coast  of,  460 ;  fossil 
mammalian  remains 
in  the  cliffs  of,  136  ; 
iron-works  of,  386; 
marble,  415. 

Sutherland,  Dr.  P.  C, 
on  icebergs,  219. 

Swabian  Alps,  185. 

Swanage  Bay,  section 
across,  from  Ballard 
Down  to  Durlstone 
Head,  393;  Ento- 
mostraca  discovered 
near,  419 ;  fossil  cro- 
codile, 431. 

Swindon,  dirt-bed  at, 
403. 

Syenite,  883. 

Symonds,  Rev.  Mr.,  on 
the  fossils  in  the 
Keuper,  551. 

Synopsis  of  the  divi- 
sions of  the  Tertiary 
system,  215. 
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T»ble  of  carbonife- 
rous deposits,  674- 
of  the  cuuientd  of 
the  Stoiiet^fleld  and 
CoUyweaton  ooUtes, 
510  ;  of  tUe  con  Lents 
of  the  Wenlden  and 
Purbeck  »Lra.ta,  51U; 
of  the  Lifts  group* 
491  ;  of  the  Oolitic 
or  Jui'as^lc:  ^onp, 
4&0  \  of  ihe  Permian 
format ioij,  530  ;  of 
the  Siluritm  ^d 
Cambrian  tqcIc^  mid 

-  fossiJs,  801 1  of  the 
TriiLssic  Of  new  red 
SAEiditunG  formation, 

Tab  reel    in    PerBiB, 
marble  of,  77. 

Tabular  flint,  306. 

Taganrog  Cliff,  on  the 
Sea  of  Azof,  section 
of,  155. 

Taggart,  Rev.  Mr.,  dis- 
covery of  fossil  foot- 
prints in  the  Isle  of 
Wight  by,  382. 

Talc,  883. 

Talcose  schists,  887. 

Tate,  Mr.  G.,  on  the 
carboniferous  flora. 
719. 

Taylor,  Mr.  R.,  water 
in  mines,  and  the 
effects  of  rain,  56 ; 

.  on  plants  in  coal- 
shale,  691. 

Teeth,  allied  to  the 
Cestracion,  in  chalk, 
355;  of  elephants, 
143 ;  of  Iguanodon, 
436,  438;  of  ro- 
dentia,  144 ;  of 
sharks,  from  chalk, 
354;  structure  ot, 
141. 


Telerpeton  Elgmense, 
798. 

Tempotntnr©  of  the 
earth,  34  ;  of  water, 
307. 

Temple  Church  iit  Lon* 
don, polished  elusier- 
columna  of  Purbeck 
marble,  416. 

Temple  of  Jupiter  Se- 
xapis  at  Puzi^uoHt 
subsidence  and  ele- 
vaiion  of  tKe,  106, 
958. 

Teimant^  Prof.,  on  the 
Koh-i-noor     dia- 
mondf  725  ;  referred 
to,  31 U.  880. 

Tentaculttes,  »25. 

Teredo  iiavalis,  234 » 

TerrHctiJ  of  Gien  iloy 
and  Lodiuberi  954. 

Terrestrial  mamtualia, 
epoch  of,  135. 

TertUiry  baa  in  of 
Hants,  227;  of 
London,  227;  of  Pa- 
ris, 227  ;  of  the  Isle 
of  Wight,  227;  beds 
of  Maryland,  286$ 
classification  of  the, 
210,  371;  crusta- 
ceans, 253 ;  depo- 
sits, 38;  epoch,  20(^ 
fishes  of,  254;  ex- 
tinct yolcanos  of  Au- 
vergne,  272. 

Tertiary  fishes,  253; 
formations,  209,370; 
fossils,  246;  mam- 
malia, 258;  period, 
924;  reptiles,  256; 
saliferous  deposit, 
289;  shells,  211; 
strata  at  Aiz,  264; 
distribution  o^  214 ; 
lithological  charac- 
ters of,  213;  of  Eu- 
rope, 285;  of  North 
Kmenca^  *185i  \  o^  \3r» 


ofFrance,  ^7O;^o0- 
phyte^,  246 ;  ByfltKB^ 
Biibdivii^LOOu  of,  '^1^' 

Teitigonia  »pU£Qaru, 
from  Aix,  266, 

T  hum  OS,  fiMsil  mam- 
mdia  of  the  valley  flf 
the,  137,  m. 

Thecodonloiaunis,57i). 

Thermal  lake  at  Bom- 
Mahan&,%;apriD^ 
843;  watera  (silid- 
oua)of  NewZeiJanit 
97. 

Thick  s^ams  t>f  oaftl, 
(iB3,  732. 

Thraeiai  of  the  Kiffi' 
merid^e  Clay,  49?. 

Thnrinpia,  pUnts  from 
chaik-simtti  oi  W. 

TiS  gaits  Forestj  371; 
description  of  Uw 
Geology  of,  3^1. 

Tlq,  910.  ^H 

Tii^inm,  849.  I^^l 

Toadstones  of  0alff 
shire,  895. 

Tooth  of  Megalosauius. 
435;  of  theEkpbtf 
primigenius,  161, 
971  ;  of  the  OwA 
Ma8todon,158;  Mas- 
todon elephantoiM 
161. 

Topping,  Mr.,  micro- 
scopic prepaiatioDS 
by,  310. 

Torbane  Hill  coal,  718. 

Torpedo,  fossil,  255. 

Tortoise,  fossil,  from 
CEningen,  269. 

Tortoises,  bones  of,  in 
eocene  beds,  256. 

Tortula  cerevisia,  609. 

Touraine,  miocene  stit' 
ta  of;  262. 

Toxodon,  the,  describ- 
ed, 172. 

Trachyte,  849. 

Tnuchytic     porphjriT' 


htdsx. 


1017 


Tnnsfomiatioii  of  ex- 
isting rocks,  877. 

Transition  rocks,  37, 
819. 

Transmutation  of  me- 
tals, 913. 

Trap,  88. 

Trap-dykes  in  the  Isle 
ofSkye,896;  of  the 
Carboniferous  series, 
698. 

Trap  of  Dudley,  895 ; 
of  the  MalYem,  895. 

Trappean  rocks,  207. 

Trap-rocks  and  trap- 
dykes  of  the  Carbo- 
niferous series,  698. 

Trap-rocks  of  the  Clent 
Hills,  811. 

Travertine,  74. 

Trees,  fossU,  of  the 
Wealden,  at  Brook 
Point,  390. 

Tree-tooth  fish,  797. 

Trembley,  Abraham, 
of  Geneva,  on  tlie 
hydra,  608. 

Trenton  limestone,  82 1 . 

Tretostemon  Bake- 
welli,  426. 

Trias  and  Permian, 
geographical  distri- 
bution of,  537 ;  for- 
mations, 535. 

Triassic  mammals, 
561;  formation,  203; 
period,  925. 

Triconodon,  394. 

Trigonia  of  the  Oolite, 
499. 

Trilobites,  829;  casts 
of,  in  metamorphic 
rock,  901 ;  middle 
Silurian,  820 ;  visual 
organs  of  the,  831. 

Trionyx,  426;  ferox, 
574;  incra88atus,243. 

Trochites,  658. 

Trochocyathus  Kceni- 
gi,330. 

Trogontberium  of  the 


Crag,  226. 

Trotter,  Mr.  Robert, 
fossil  crocodile  at 
Swanage,  431  ;  dis- 
covery of  Lepidotus 
by,  423. 

Truncatulinse  of  the 
London  Clay,  252. 

Tubipora,  631. 

Tufifa,  calcareous,  74. 

Tunguragua,  872. 

Tunicata,  601. 

Turbinolia,  623. 

Turner,  Dr.,  on  petri- 
faction, 728. 

Turrilites  described, 
341,  346;  costatus, 
from  ch.  Ik-marl, 
340. 

Turtles   or  Chelonian 
reptiles,    573 ;    and 
tortoises,  fossil,  574 
fossil,  in  chalk,  367 
ofthe  Wealden,  425 
remains     of,     from 
Harwich,  257 ;  from 
Sheppey,  257. 

Tuxtla,  871. 

Tyndal,  Prof.  J.,  on 
glaciers,  72. 


U. 

Uddevalla,  fossils  from, 
116. 

Uuderclay  of  the  Coal, 
680. 

Unger,  Prof.,  referred 
to,  710. 

Univalve  shells  of  the 
Wealden,  413. 

Unio  Valdensis,  417. 

Upheaval  of  the  sea- 
coast  of  Chili,  840. 

Upper  Greensand,  301, 
315 ;  silicified  fossils 
of,  326  ;  of  Ireland, 
894. 

Upper  Peiv\a.mcra."& 
limestone,  ^'iV  \  T«' 


tiary,  or  Pliocene, 
216  ;  or  Red  Crag, 
224. 

Upright  Calamites, 
690 ;  fossil  trees, 
399, 403;  at  Wolver- 
hampton and  St. 
Etienne,  688 ;  in  the 
Coal-measures,  686 ; 
of  Nova  Scotia  and 
Cape  Breton,  689. 

Ural  Mountains,  904. 
{See  also  Russia.) 

Ursus  prisons,  from  the 
Cave  of  Gaylenreuth, 
178  ;  spelaeus,  178, 
225. 

Utica  slate  of  North 
America,  821. 


V. 

Val  d*Amo,  fossil  bones 
ofthe,  137,  172. 

Val  del  Bove,  865. 

Val  di  Note,  222. 

ValeofWardour,387; 
Leptolepis  found  in 
the,  424. 

Valley  of .  Woolhope, 
81  o. 

Valleys  formed  by  run- 
ning waters,  280. 

Valparaiso,  elevation  of 
the  coast  at,  HI. 

Vapour,  839. 

Vegetable  cell,  710. 

Vegetable  remains  and 
coal-shales,  691. 

Vegetable  remains  in 
the  Oolite,  526;  of 
the  Cretaceous  sys- 
tem, 327;  Silurian, 
822 ;  rocks  compos- 
ed of,  932. 

Vegetable  structure, 
712. 

Veins,  850,  896,  898 ; 
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faults  in  strata,  193, 
Vein-stone,  908. 
VBin-atufr,  908- 
VftntricuUtea,  602;    m 

Veuus's  fan,  6"i8. 

Vermicularia  Bognorl- 
mmis,  253. 

Venieuil,  M.  E*  de,  re- 
ferred to,  781,  788, 
821. 

Verttbras  of  Iguauodon, 
4U,  4 15. 

VetliciHipora  mj&gto- 
mos^ans^  647, 

Vesuyius,  815, 

Vitiratile  organs^  605* 

Vienna  basin,  till. 

ViririTim,  coaNbeda  of, 
518;  Dbmal  Swamp 
of,  684  ]  eocene  strata 
of,  323  ;  hifusoriaL 
marls  of,  286 ;  sand- 
stones,  shales,  aiid 
coal-beds  of,  558. 

Virgulariffi,  614. 

Visual  organs  of  ibe 
trilobitea,  831. 

Volcanic  agency,  104; 
rocks,  207,  897  ;  re- 
gions of  Auvergne, 
278 ;  and  Hypogene 
rocks,  838  ;  cone, 
844;  products,  848 ; 
peaks,  849;  tuff,  851. 

Volcano  of  Kilauea, 
866;  of  Jorullo,871. 

Volcanos,  tertiary,  of 
France,270 ;  extinct, 
at  Mount  Dore,  275 ; 
extinct,  of  the  Rhinei 
281. 

Voltz,  M.,  referred  to, 
548. 

Voltzia,  548. 

Voluta  Faujasii,  341  p 

Vorticellee,  616. 

W. 

Wardour,  in  Wiltshire, 


Vale  of,  387. 

WaahLngton,  Mount, 
FroL  SilUman  ou, 
10. 

Water-] t pie  rocka  of 
America,  821 ;  pro- 
]jen  ies  of,  55 ;  sol- 
vent power  of,  307 ; 
t<?mperamre  of,  307. 

Watt,^Mr,  Grt^gory,  ex- 
perimeJitB    of,    813, 

Weald  Clay,  377,  385. 

Wealdeu  and  Purbeck 
fonnatioij,  20*2. 

Weald  en,  derivation  of 
the  term,  300 -of  the 
Sussex  coast,  368, 
375  I  at  Pounccford, 
370 ;  subdivisionH  of, 
371  I  desmpiion  of 
the,  375  ;  Lower 
Bouionnais,  376;  of 
the  North  of  Ger- 
many, 377,  388; 
delta  of  the,  388  ; 
furmaiion,  subdivi- 
sions Eind  exttrnt  of 
the,  384, 385;  of  the 
Isle  of  Wight,  389; 
of  the  Isle  of  Pur- 
beck,  393;  organic 
remains  in  the,  404 ; 
plants  of,  405 ;  ferns 
of,  405;  coal  of,  405; 
cycadeous  plants, 
407;  fossil  shells  of, 
413,  417;  marbles 
of,  415 ;  crustaceans 
of,  418 ;  cyprides, 
419;  insects  of,  421; 
fishes  of,  422 ;  rep- 
tiles of.  424 ;  Lepto- 

'  lepis  of,  424 ;  marine 
reptUesof,426;Tre- 
tostemon  of,  426; 
turtles  of,  426 ;  Ce- 
tiosaurus  of,  427 ; 
Plesiosaurus  of,  427; 


tilea  of  the^  428; 
Streptospondylus, 
429 ;  DlnosiimrijujS 
of,  433 ;  MegatosBU- 
rus  of,  43^*5 ;  Igumo- 
don  of,  43^;  birds  of, 
452;  pterodadyb 
of,  452;  Zoolo^ot 
the,  483;  period, 925. 

Wubsier,  Mr,,  on  ihi 
Etigli^hTertiiii]ff^)T- 
matiotiSi  230.  2-^; 
on  the  Hasting 
Cliffs,  378, 

Wedge- leaf  plant,  7'^> 

Westminster  Abbey, 
monuments  of  ?ai*^ 
beck  marble,  4lfi* 

Westmorelandt  pjJi 
zoiu  rocks  of,  BJb. 

Westwood,  Mr.  J 
on  the  foisii-inMett 
of  PQrbeck,422;M 
the  fossil- in^cti  of 
the  Lias,  {>3U. 

Wetherell,  Mr.,  collcft- 
lion  of  High(mle  (^ 
sib,  23%  '2j{)/253s 
fossils  from  Mill' 
well  HUl,  221. 

Weyer's  CaYe,inN<)iili 
America,  78,  466. 

Whale,  fossil,  of  Biigh- 
ton,  150. 

Whewell,Prof.,onth« 
solar  system,  47. 

Whin-rock,  888. 

Whin-sill  of  Yorkshire, 
698,  890. 

White  Chalk  and  the 
Chalk  Downs,  303, 
304. 

Whitecliff  Bay,  242, 
243;  marine  eocene 
shells  at,  247. 

White,  Mr.  H.  H.,  on 
spiniferites,  312. 

White  Mountains,  New 
Hampshire,  821. 

White  Rock,  Hastings. 
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Miss  Jane  Allnutt, 
379. 

Wight,  Isle  of,  fresh- 
water tertiary  shells 
at,  249 ;  section  from 
London  to,  374 ;  Ge- 
ology of,  303,  385 ; 
Clathraria  from,  409, 
410;  Iguanodon  of, 
440. 

Wild  cat,  skull  of,  140. 

Wilkinson,  Sir  G.,  on 
Egypt,  91. 

Wilkinson,  Mr.  S.  J., 
on  recent  and  fossil 
Xanthidia,  313. 

Williamson,  Prof.  W. 
G.,  on  foraminifera, 
334;  on  the  origin 
of  the  coal  -  beds, 
686. 

Willingdon,  in  Sussex, 
Zamiostrobus  from, 
328. 

Wing-fish,  796. 

Wissenbach  slate8,786. 

Witham,  Mr.  Henry, 
on  fossil  yegetables, 
687. 

Wood  in  flint,  308. 

Wood,  Mr.  Searles,  on 
Crag  moUusca,  225 ; 
on  the  ironstone  of 
the  North  Downs, 
971 ;  fossils  collect- 


ed by,  at  Hordwell, 
242,  256. 

Wood-tin,  910. 

Woodward,  Mr.  S.  P., 
on  the  Hippurilidee, 
342 ;  on  the  Cottes- 
wold  Hills,  504;  on 
the  cephalopoda, 
342;  on  moUusca, 
212,  764. 

Woolwich,  in  Kent, 
brown-coal  in  the 
Tertiary  at,  245. 

Worm-tracks,  808. 

Wrekin,  the  rocks  o^ 
813. 

Wright,  Dr.  T.,  on  Ju- 
rassic  echinoderms, 
528 ;  on  the  inferior 
oolite  sands,  520. 


Xanthidia,  recent  and 

fossil,  312. 
Xanthidium,  311. 
Xiphodon  gracile,  259. 


Yellow  sandstone  of 
Ireland,&c.,673,785, 
791. 


Yoredale  rocks,  674. 

Young,  Dr.  P.,  and 
Mr.  F.  Siromonds, 
discorery  of  a  boul- 
der in  the  Chalk  by, 
973. 


Zamiostrobus  crassus, 
407;  from  near  Wil- 
lingdon  in  Sussex, 
328. 

Zamites  crassus,  413; 
Sussexiensis,  328. 

Zechstem,  563. 

Zeuglodon  in  eocene 
deposits  of  America, 
286. 

Zinc,  908. 

Zoantharia,  602. 

Zoology  of  the  Chalk, 
329,  481;  of  the 
Wealden,  483. 

Zoophyta  and  radiaria 
of  the  Oolite,  527. 

Zoophytes,  599;    ani- 
mal nature  of,  603 ; 
and  echinoderms  of 
the  Carboniferous 
system,  761 ;  Deyo- 
nian,  791 ;    of  the 
Jurassic  formation, 
648  ;  of  the  tertiary, 
246;  Silurian,  822, 
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